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A TUBULAR LINER 



Backgroiind of the Invention 

5 This invention relates generally to a tubular 

liner, and in particular to a tubular liner for 
wellbore casings that are formed using expandable 
tubing. 

Conventionally, when a wellbore is created, a 
10 number of casings are installed in the borehole to 
prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation 
or inflow of fluid from the formation into the 
borehole. The borehole is drilled in intervals whereby 
15 a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed 
casing of an upper borehole interval. As a consequence 
of this procedure the casing of the lower interval is 
of smaller diameter than the casing of the upper 
20 interval. Thus, the casings are in a nested 

arrangement with casing diameters decreasing in 
downward direction. Cement annuli are provided between 
the outer surfaces of the casings and the borehole wall 
to seal the casings from the borehole wall. As a 
25 consequence of this nested arrangement a relatively 
large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter 
involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of 
30 drilling fluid and drill cuttings. Moreover, increased 
drilling rig time is involved due to required cement 
pumping, cement hardening, required equipment changes 
due to large variations in hole diameters drilled in 
the course of the well, and the large volume of 
35 cuttings drilled and removed. 
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The present invention is directed to overcoming 
one or nvore of the limitations of the existing 
procedures for forming new sections of casing in a 
wellbore. 
^ Suanarv of th« Ipv.nH„„ 

According to one aspect of the present Invention, 
there is provided a tubular lining compriaing, a first 
tubular portion having a first inside diameter, a 
second tubular portion having a second inside diameter, 
10 an xntermediate tapered tubular portion for coupling 
the fxrst and second tubular portions to each other, 
and one or more sealing members coupled to the exterior 
surface of at least one of the tubular portions, 
Wherein the first inside diameter is greater than the 
15 second .nside diameter, and wherein at least one of the 
first and second tubular portions define one or „K>re 
pressure relief passages. 

According to another aspect of the present 
invention, there is provided a tubular liner 

ll^TT' ° "-^"3 - 

inside diameter, a second tubular portion coupled to 
the first tubular portion having a second inside 
diameter, and a third tubular portion coupled to the 
second tubular portion having a third inside diameter- 
" Wherein the first and third inside diameters are ^ th 
greater than the second inside dia^ter, wherein the 

.eal.ng elements, and wherein at least one of the first 

30 "^^'^ '"'"^ °™ " e 

•>o passages. 

Brief Da«gr-.p-^^^ - t he Drawing , 

Fig. 1 is a fragmentary cross-sectional view 

n^.^ - — ^ - a new section of a well 

35 Fig. 2 is a fragmentary cross-sectional view 

illustrating the placement of an embodiment of an 
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apparatus for creating a casing within the new section 
of the well borehole. 

Fig. 3 is a fragmentary cross-sectional view 
illustrating the injection of a first quantity of a 
5 hardenable fluidic sealing material into the new 
section of the well borehole. 

Pig. 3a is another fragmentary cross -sectional ' 
view illustrating the injection of a first quantity of 
a hardenable fluidic sealing material into the new 
10 section of the well borehole. 

Fig. 4 is a fragmentary cross- sectional view 
illustrating the injection of a second quantity of a 
hardenable fluidic sealing material into the new 
section of the well borehole. 
15 Fig. 5 is a fragmentary cross-sectional view 

illustrating the drilling out of a portion of the cured 
hardenable fluidic sealing material from the new 
section of the well borehole. 

Fig. 6 is a cross -sectional view of an embodiment 
2 0 of the overlapping joint between adjacent tubular 
members . 

Fig. 7 is a fragmentary cross-sectional view of 
apparatus for creating a casing within a well borehole. 

Fig. 8 is a fragmentary cross -sectional 
25 illustration of the placement of an expanded tubular 
member within another tubular member. 

Fig. 9 is a cross-sectional illustration of a 
preferred embodiment of an apparatus for forming a 
casing including a drillable mandrel and shoe. 
30 Fig. 9a is another cross-sectional illustration of 

the apparatus of Pig. 9. 

Fig- 9b is another cross-sectional illustration of 
the apparatus of Fig. 9, 

Fig. 9c is another cross -sectional illustration of 
35 the apparatus of Fig. 9. 
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FIG. lOa is a cross-sectional illustration of a wellbore including a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-sectionkl illustration of an apparatus and method for 
creating a tie-back liner using an expandible tubular member. 
5 FIG. 1 Oc is a cross-sectional illustration of the pumping of a fluidic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. 1 Od is a cross-sectional illustration of the pressurizing of the interior of 
the tubular member below the mandrel. 
10 FIG. lOe is a cross-secUonal illustration of the extrusion of the tubular 

member off of the mandrel. 

FIG. I Of is a cross-sectional illustraUon of the Ue-back liner before drilling 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustraUon of the completed Ue-back liner 
1 5 created using an expandible tubular member. 

FIG. 1 la is a fragmentary cross-sectional view IllustraUng the drilling of a 
new secUon of a weU borehole. 

FIG. 1 1 b is a fragmentary cross-secUonal view illustrating the placement of 
an embodiment of an apparatus for hanging a tubular liner within the newsecUon 
20 of the well borehole. 

FIG. 1 1 c is a fragmentary cross-sectional view illustraUng Oie injecHon of a 
first quanUty of a hardenable fluidic sealing material into the new secUon of the 
weU borehole. 

FIG. 1 Id is a fragmentary cross-secUonal view illustraUng the introduction 
25 of a wiper dart into tiie new section of the well borehole. 

FIG. 11 e Is a fragmentary cross-sectional view illustrating the injection of a 

second quantityofahardenable fluidic sealing material intotiienewsectionoftiie 
well borehole. 

FIG. 1 1 f is a fragmentary cross-sectional view illustraUng ttie completion of 
30 the tubular liner. . 
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Detailed De«cripaon of the Illustrative Embodiments 

An apparalus and method for fomiing a wellbore casing within a 
subtenanean fonnation I. provided The apparatus and memod pemtils a 
wellbore casing to be formed in a subtenanean fom^ation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extmding the 

lubularmemberofTofthemandrelbypressurlzinganlnteriorporaonofthe tubular 
member. The apparalus and method ftmher pem,its adjacent tubular members 
.n the wellbore to be Joined using an overtapping ioint Utat prevents fluid and or 
gas passage. The apparatus and method further pemtits a new tubular member 
10 to be supponed by an existing tubular member by expanding Ihe new tubular 
member into engagement with the existing tubular member. The apparatus and 
method further minimizes the reducUon in the hole size of the wellbore casing 
necessitated by the addition of new sections of wellbore casing 

^'>'P™'"""<""-'ho"forfo,mingaUe*ackline,usinganexpa„dable 
15 W.ularmemberisalsopmvided. ™e apparatus and me«,od pem«te a tle-back 
l.ner to be created byextrnding a tubular member ofTof a mandrel bypi^ssutizing 
and imedor portion of the tubular member. In this manner, a Ue-back liner is 
P«>duced.Tl,eappara,us and method furtherpemtitsadiacenttubular member, 
■"'^««'««bo,e,obeioineduslnganoverlapplngioint,hatp,even.snuidand/or 
20 gas passage. ™e apparatus and methtxl funher pem,its a new tubular member 
to be suppotted by an exisUng tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

Anapparatusand method for expanding a tubular member is also provided 
«"'^cludesanexpandabletubularmember,mandrelandashoe. inaprefened 
embod,ment,theintedorpor«onsof,heapparatusiscomposedofma.ertals.hat 
permttthelntenorportonstobe removed usingaconventionaldmiing apparatus 

In thtsmanner.in the eventofamalfuncdoninadownhole region, the apparams 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 

30 weUboreisalsoprovided The apparatus and method pemrit a tubular liner to be 

attached toan existing section of casing. TTte apparatus and method furtherhave 
applicaUon to the joining of tubular members in general. 
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«^«*«'nitMytoPigs.l-6.a.embodnoeat-of«„^piatusand,nethod 
for fomun^ a ^llbore cadng within a .ubterr^mean fonn.Uon will now be 

ds^bed. As illustrated ia Fig. Lawellbore 100 ispodtionedinasubterranean 

fonnation 105. The wellborelOO includes an axi.«„g cased section no havinga 
6 tubular casing 116 and an annular outer layer of cement 120. 

In order to extend the wellbcre 100 into the subterranean for^tion 106 

a driU string 126 is used in a weU known nmnner to drill out material ftom the' 

subterranean formation 105 to form a new section 130. 

^'"•^*«'-Rg-2.-.pparatusS60forfonning.weUborecasmgi„ 

lOO. TleapparatusZOOpreferably inchidesan^n^andsble mandrel or pig205 a 

b^buUr member 210.ashoe216,atewer cup seal 220. an upper cup seal 226 a 

f.u«ipasaage230,afluidpass.ge236..auidpaasage2«.seals246,.ndasupp;rt 
member 260. 

" «embr2^oT^''"°"'^'°''"""'''^'»'"*"'^««'''^*«-PP°« 
«-nb^260. ae^PandablemandrelaoSispreferably adapted to„nta,llably 
e>pa^ m a radial direction. l„e expandable mandrel 206 may comprise ar^ 

number of conventional commer^allyavailableexpandablemand^lsmodifledT 
accordance with the teachings of the present disclosure. In a preferred 

d^s«imU.S.P.Unt No. 6.348.0,6. the contents of which are in^rporated 
-^2—- - — ».th the teachings Of the present 

25 tub , '^^'^'°^''"'''»''"'>P°'^''y'b««P->aablemandr^206.The 

«^sm.ndrel205. tubular m«nbsr 210 ma. be ahricatedi^.a„, 
n^b^ Of inventions, comme^ avaitabl. materials such as. fcr exampj 

^ """^ eubin^oasing, 
30 ^ » '-f'"^ -bodimen, the tubular member^o is 

^""'^'^-OCl^inordertomaximisestrengthafterexpan^on. T^Z^ 
andomerd,aa,etoofU..mbatarmembc2,0mayrange,forexan,5^,fr„m ■ 
spp_ly,.905to U9.38 cms (0.75 to 47 inches) and 2.M7,o ,21.9200. 
(1.05 to 48 inches), respectively Inaprefened 
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embodiment, the inner and outer diameters of the tubular member 2 1 0 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to opUmally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a prefenred embodiment, the end portion 260 of the tubular member 2 1 0 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
205 when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckUng. For typical tubular member 210 materials, the length of the 
1 0 tubular member 2 1 0 is preferably Mmited to between about 1 2. 1 92 to 6,096m (40 
to 20,000 feet) In length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of convenUonaJ commercially available shoes such as, for 
5 example. Super Seal II float shoe. Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a seaUng sleeve for a latch- 
down plug available from Halliburton Energy Services in Dallas, TX, modified in 
3 accordance with the teachings of the present disclosure, in order to optimally 
guide the tubular member 210 in the wellbore. optimally provide an adequate seal 
between the interior and exterior diameters of the overiapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

In a preferred embodiment, the shoe 2 1 5 includes one or more Uirough and 
side outiet ports in fluidic communication with the fluid passage 240. In Uiis 
manner, tiie shoe 2 1 5 optimally injects hardenable fluidic sealing material into the 
regionoutsidetiieshoe215andtubularmember210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 
receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 
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The lower cup seal 220 is coupled to and supported by'the support member 
250. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as. for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 

fromHalliburton Energy Services inDalIas,TXinorder to optimally blockforeign 
material and contain a body of lubricant. 

10 The upper cup seal 225 is coupled to and supported by the support member 

250. The upper cup seal 225 prevents foreign materials from entering the interior 

region of the tubular member 210. The upper cup seal 226 may comprise any 

number of conventional commercially available cup seals such as. for example. TP 

cups or SIP cups modified in accordance with the teachings of the pre^nt 

15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 

cup.availablefromHamburtonEnergyServicesinDallas.TXinordertooptimally 
block the entiy of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 

from theinterior region of the tubularmember210belowthe expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned wi&in the support 
member 250 and the expandable mandrel 205. The fluid passage 230 preferably 
extends from a position adjacent to the smface to the bottom of the expandable 

mandrel 205. Tlxe fluid passage 230 is preferablypositionedalongacenterline of 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in the casiiig running mode of operation, to 

transport materials such as drilling mud or formation fluids at flow rates and pressures ranging 
from about 0 to 1 1356.2355 Utres/minutc (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 
to 9.000 psi) in order to minimize drag on the tubular member being run and to minimize surge 
pitssures exerted on the wellborn which could cause a loss of wellbore fluids and lead to hole 

30 

The fluidpassage 235 permitsfluidic materials to be releasedfrom the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 
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( .ew section 130 of the weUbore 100, Huidic materids 266 'forced up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
^ therebyminimizingsurgepressuresonthewellboresectioniao. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 

opening and closing the fluid passage 235. Inapreferred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressures. The 

fluid passage 236 is preferablypositioned substantially orthogonal to the centerline 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3,000 
gallonsMinute) and 0 to 620.52813 bar (0 to 9.000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the wellbore 100 and to 
15 minimiz e surge pressures on the new wellbore section 1 30. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permitsaplug, or other similar device, to be placed in fluid passage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 206 can be 
fluidiclyisolatedfromtheregionexteriortothetubularmember210. Thispennits 
25 the interior region of the hibular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substaatiaUy 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to conv^ materials such as 
cement, drilling mud or epojdes at flow rates and pressures ranging from about 0 to 
30 1 1356.2355 litres/minute (0 to 3,000 gallonsAninute) and 0 to 620.52813 bar (0 to 9,000 

^ ^ °^^^y fi« annular region between the tubular member 210 and the 

_ °^^^«^*^°°i30ofthewellborel00withfluidicmalerials. Inapreferred embodiment, 
the fluid passage 240 
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includes an inlet geometiy that can receive a dart and/or a* ball sealing member 

Inthismanner,thefluidpassage240caAbesealedoffbyintroducingaplug.dart 
andyor ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 245 are fiirther positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260ofthetubularmember210tobefluidicly8ealed. The seals 245 may comprise 
any number of conventional coromemally available seals such as. for example 
10 lead, mbber. Teflon™, or epoxy seals modified in accordance with the teachings of 

the presentdisclosure.Inapreferred embodiment, the seals 245 aremolded from 
StratalockepoxyavailabIefromHalIiburtonEnergyServiceflinDallas.TXinorder 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embodiment, the seals 245 are selected to optimally provide 

asufficientfrictional force to support the e^ded tubular member2l0from the 
existing casing 115. In a preferred embodiment, the Actional force optimally 

prov.dedbytheseals245rangesfroB,about68.94757to68.947.57bar(1.000to 
1.000.000 Ibf) in Older to optimally support the expanded tubular member 210. 

20 ^««"PP0rtinember250iscoupledtotheexpandablemandreI205.tubular 
member 210. ahoe 215. and seals 220 and 225. The support member 260 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 200 into the new section 130 of the weUbox. 100. In a preferred 
«-^-ii--nt.thesupportmember250furtherindudesoneormore^^^^ 
25 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
amiular region above lOxe expandable mandrel 205 within the interior of the 
tubularmember210.Inthismanner.theextrusionofthetubularmember210off 
oftheexpandablemandrel205isfacilitated. Hie lubricant 275 may comprise any 
30 number of conventional commercially available lubricants such as. for example. 
Lubnplate^. chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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( jitisieze (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimmn lubrication to faciliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100, a couple of weUbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that mi^t clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process. 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed and a hardenable 

fluidic sealing material 805 is then pumped from a surfcce location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 
20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 306 to fill up at least a portion of the annular region 316. 

The material 305 is prefCTably pumped into the annular region 3 15 at pressures 
25 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5,678.1177 litresAninute (0 to 1,500 gallons/min), respectively. The optimum flow 
rate and operating pressures vary as a function of the casing and wellbore sizes, wellbore 
section length, available pumping equipmrait, and fluid properties of the fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably detennined 
using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 2 1 0 
5 while also maintaining optimum flow characteristics so as to minimize diff.culUes 
during the displacement of cement In the annular region 3 1 5. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 3 1 5 preferably is filled with the material 305 in sufficient 
1 0 quantities to ensure that, upon radial expansion of the tubular member 210, the 
annularregion 315 ofthe new section 130 of the wellbore 100 will be filled with 
materia] 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a. the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 
15 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furthermore, in 
this manner, the initiaUon of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
20 filled with material 305. a plug 405. or other similar device, is Introduced into the 

fluid passage240 thereby fiuidicly isolating the interior regionSlOfromthe annular 
region 315. In a preferred embodiment, a non-hardenable fluidic material 306 is 
then pumped into the interior region 310 causing the interior region to pressurize. 
In this manner, the interior of the expanded tubular member 2 1 0 wiU not contain 
25 significant amounts of cured material 305. This reduces and simplifies the cos! of 
the entire process. Alternatively, the material 305 may be used during this phase 
of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 is extoidedoff of the expandable mandrel 205. During the extmsion 
30 process, the expandable mandrel 205 may be raised out of the expanded portion 
of the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at approximately the same rate as the hibular 
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f member 210 is exp^ded to order to keep the tubular member' 210 etetionar, 
relative to the uew^eUbore section 130. luaneltemativepreferred embodiment 
theextrusiouproces»iscommenced™ththetubularmember2iOpositio„edab„ve' 

the bottom of the new wellbore section 130, keeping the mandrel 205 stationer, 
6 and allowing the tubular member 210 to earude off of the mandrel 205 and fall' 
down the new wellbore section 130 under the force of gravity. 

The plug405 is preferably placed into the Huid passage 240 by introdudne 
the plug 406 toto the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 406 may comprise any number of conventional commercially 
avaJahlede,icesfrompluggingafluidpassagesuchas.fore«mple,Multipl,Stage 
CementerCMSC)la,^.,own plug. Omega latd-downplugorthr^-wiper latch- 
^"^P'-^^odifledinac^rdancewiththeteachingsofthepreseatdisctasur,. In 

15 apreferred embodiment. theplug405comprisesaMSCla(«h.downplug.vailable 
aom Hallihurton Energy Services in Dallas, TX. 

^P'«=«n«'t=ftheplug405inthefluidpassage240.anonhardenable 

ttiis mam,^ L / "" "'S l,tt«/mmutc (30 to 4.000 gal Wmin). h, 

plug 405 in the Add pasJ^T^non 

34.473.0 52O.5a3.3bar(50o:,.„„0p:^^;Tr.rn3™r"'' 
^ .0 3.000 gaUoaMuin, in omer.omaxilJ.iecx.^r;^ ''^^^^ 

In a preferred embodim^t. the apparatus 200 is adapted to minimize 
tensue. bur^. and fHction effects upon the tubular member 210 during the 
™n process, lies, eflbcts wiB be depend upon the geometry of the 
expana.onm«.drel205. the material compositionof the i^ularmemberaio^^ 
30 e^onmandre, 205. the inner diameter of the tubular member 210. the wall 

oTt^.TT'^'"'"^"^'''''''''^''"'^'*""'--''^'^^'''---^ 
_ofthetubu,armember210. ^ general, the thicker the waU thickness, the smair 
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rhein.erdto,ter,„dthegreatertheyieMstrsngth"„me't;biLmember210 
tien the greater the operating pressure, "required to ertrude the tubular member 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 

5 off of the expandable mandrel wm begin when the pressure of the interior region 
3 1 0 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9.000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging for 
example.fromaboutOto5iVsec. In a preferred embodiment, during the extrusion 
10 process, the expandable mandrel 205 is raised outof the expanded portion of the 
tabular member 210 at rates ranging from about 0 to 0.6096 m/s (0 to 2 fl/sec) in order to 
xmmmize the time required for the expansion process while also pemiitting easy control 
of the expansion process. 

Whentheendp„rtion260ofthetubularmena,er210iaextrudedoffofthe 
16 e^dabb mandrel 20S. the outer «^a=e 266 of the end portion 260 of the 
tubular member 210 wffl preferably contact the interior surface 410 of the end 

port.n270of thecaaingn6tof„m.«,fluid tight overhwingjeint.Theoontact 
pi^svre of 4= .veri^i^s m.y for =c„p|e, fi„„, .pp^^w, to 

1,2785514 bar (SO » 20,000 psQ. In , prrf«™i cmb«iin»u. U» con»« .f a,. 

20 ovrfappm, j,i„, ™^ ft^ .pproxmM^ 27J79028 to 689.4757 (400 to 10.000 p«i) „ 

orto to proXd. optoum pr„^ ^ fte ^i„j 2AS ml optally 

provide r^imnco « „1.1 .notion » .coo,»K«i.,. ^jio^ tt,^ ^ 



1''«''"«-'=PPtogJointbet™enthesection410ofthee^go.ainglI6and 

26 ^dflmd-cseal. ^ a particularly preferred embodin^n, the seaangmemC« 
optunaUy P^vid. a fluidic and gaseous seal in the overlapping Joint 

haHe.^l'rr'''"'"^"'''''"^'**''"^'^'^""'^"'"''- 
^en^enu^hen^terialSOeiscontrollablyrampeddo^nwhentheexpandable 

tubular^aMheraiO off ofthe expandable mandreiaoscan be nUninuzed. Ina 
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preferred embodiment, the operating pressure is reduced iiJ a substantially linear 

fashionfh)mlOO%toaboutlO%duringtheendoftheextrTasionprocessbeginning 
when the mandrel 205 is within about 1.524 m ( 5 feet) from completion of the extrusion ' 
process. 

5 ^t^^ti^l^'.orincombination.ashockabsorberisprovidedinthesupport 
member 250 in order to absorb the shock'^Sl^JJ^^sudden release of pressure 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in ti^e end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 

removedfrom the wellborelOCInapreferredembodhnent. either beforeoraller 
the removal of the expandable mandrel 205, the mtegrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casmg 1 15 is tested using conventional methods 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
thetubuiarmember210andthelowerportion270ofthecasmgll5issatisfacto:y 
thenanyuncuredportionofthematerial305withintheexpandedtubularmember 
20 2l0isthenremovedinaconventionaJmannersuchas.forexample.circulatmgthe 
uncured material out of the mterior of the expanded tubular member 210 The 

mandrel 205 is then pulled out ofthewellboresectioniaoandadrillbitormillis 
used m combination with a conventional drilling assembly 506 to drill out any 
i^enedmaterial305withinthetubularmember210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As iUust^tedinP^.5,preferably any remainingcuredmaterial305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner usmg a conventional drill string 506. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 

30 annularlayer515ofcuredmaterial305. Tl.e bottom portion ofthe apparatus 200 
comprising the shoe 216 and dart 405 may then be removed by drilling out the 

_ ^06 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 of 
the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior surfaces 
of the tubular member 2 10 is equalized during the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upperportion 260 of the tubular 
member210. In an altemaUve preferred embodiment, the sealing members 605 are 
10 bondedormoldedontotheoutersurface265oftheupperportion260ofthetubular 
member2I0. The pressure reUef holes 610 are preferably positioned in the last few 
feet of the tubular member 210. The pressure relief holes reduce the operating 
pressures required to expand the upper portion 260 of the tubular member 210. 
This reducUon in required operating pressure in turn reduces the velocity of the 
15 mandrel 205 upon the completion of the extrusion process. This reducOon in 
velocity in turn minimizes the mechanical shock to the entire apparatus 200 upon 
the completion of the extrusion process. 

Referring now to Fig. 7. apparatus 700 for forming a casing within a wellbore 
preferably Includes an expandable mandrel or pig 705. an expandable mandrel or 
20 pig container 710. a tubular member 715. a float shoe 720. a lower cup seal 725. an 

uppercup seal 730.afluid passage 735.afluidpassage740.asupportmember745. 
a body of lubricant 750. an overshot connecUon 755. another support member 760. 
and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 

25 member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of convenUonal commercially avaflable expandable 
mandreU modified in accordance with the teachings of the present disclosure. The 

30 expandable mandrel 705 preferably comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5.348.095. the contents of 
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which are incorporated herein by reference, modified in accordance wilh the 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled to 
5 the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of convenUonal commerdaJIy available materials 
such as. for example. Oilfield County Tubular Goods, stainless steel, titanium or 
highstrengthsteeIs.TheexpandabIemandrelcontainer710maybefabricatedfmm 
materialhavingagreaterstrength than the materialfrom which the tubuJarmember 
10 715isfabricated. ^ this marme, the container 71 Ocanbe fabricated from a tubular 
material havingathinnerwall thickness than the h.bularmember210. This pemiits 

Ihecontainer 710to pass throughlight Clearances therebyfacilitatingitsplacement 
within the wellbore. 

Once the expansion process begins, and the thicker, lower strength material 
15 of the tubular member 715 is expanded, the outside diameter of the tubular 
member 71 5 is greater than the outside diameter of the container 710 

The tubuiar member 715 is coupled to and supported by the expandable 
mandrel 705. Tl.e tubular member 715 is preferably expanded in the radial 
direcfonand extruded offofthe expandable mandrel 705 substantiallyasdescribed 
abovewithreferencetoFigs. 1^. Tl^e tubular member 715 may be fabricated from 
any number of materials such as. for example, ODfield Country Tubular Goods 
(OCTG). automoth^e grade steel or plastics. The tubular member 715 may be 
fabricated from OCTG. 

'nietubularmember715preferablyhasasubstanUaIlyannu]arcross-secUon. 

25 TTie tubular member715morepreferablyhasasubstantiallycircularannularcross- 
section. 

The tubular member 715 preferably includes an upper secUon 805 an 
mtemiediate secUon 810. and a lower secUon 815. The upper secUon 805 of the 

tubular member 715preferably is defined by the region beginning in the vicinity of 
30 the mandrel container 710 and ending with the top section 820 of the tubular 

member715. T^eintemnediate section 81 Oof the tubular member 715 Is preferably 
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defined by the region beginning in the vicinity of the top of the mandrel container 
7 1 0 and ending with the region in the vicinity of the mandrel 705. The lower secUon 
of the tubular member 715 is preferably defined by the region beginning in the 
vicinity of the mandrel 705 and ending at the bottom 825 of the tubular member 7 1 5. 
5 The wall thickness of the upper section 805 of the tubular member 715 is 

greater than the wall thicknesses of the intermediate and lower sections 810 and 
815 of the tubular member 715 in order to optimally facillate the initiation of the 
extmsion process and optimally permit the apparatus 700 to be positioned in 
locations in the wellbore having tight clearances. 
1 0 The outer diameter and wall thickness of the upper section 805 of the tubular 

member 715 may range, for example, from about 2.667 to 121.92 cms (1.05 to 48 
inches) and 0.3 1 75 to 5.08 cms (1/8 to 2 inches), respectively. The outer diameter 
and wall thickness of the upper section 805 of the tubular member 715 may range 
from about 8.89 to 40.64 cms (3.5 to 16 inches) and 0.375 to 3.81 cms (3/8 to 1.5 
15 inches), respectively. 

The outer diameter and wall thickness of the intermediate section 8 1 0 of the 
tubular member 715 may range, for example, from about 6.35 to 1 27 cms (2.5 to 50 
inches) and 0.15875 to 3.81 cms (1/16 to 1.5 inches), respectively. The outer 
diameter and wall thickness of the intermediate section 8 1 0 of the tubular member 
20 7 1 5 may range from about 8.89 to 48.26 cms (3.5 to 1 9 inches) and 0.3 1 75 to 3. 1 75 
cms (1/8 to 1.25 inches), respectively. 

The outer diameter and wall thickness of the lower section 815 of the tubular 
member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 inches) and 
0.15875 to 3.175 cms (1/16 to 1.25 inches), respectively. The outer diameter and wall 
25 thickness of the lower section 8 1 0 of the tubular member 7 1 5 may range from about 3.5 to 
1 9 inches and 1/8 to 1 .25 inches, respectively. The wall thickness of the lower section 8 1 5 
of the tubular member 715 may be further increased to increase the strength of the shoe 
720 when drillable materials such as, for example, aluminum are used. 

The tubular member 7 1 5 preferably comprises a solid tubular member. The 
30 end portion 820 of the tubular member 7 1 5 may be slotted, perforated, or otherwise 
modified to catch or slow down the mandrel 705 w4ien it completes the extrusion 
of tubular member 715. The length of the tubular member 715 may be limited 

\9, 
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to minimize the possibility of bucitling. For typical tubular member 715 matericils, 
the length of the tubular member 7 1 5 is preferably limited to between about 12.192 
to 6,096 cms (40 to 20,000 feet) in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular member 
5 715. The shoe 720 includes the fluid passage 740. The shoe 720 may further include an 
inlet passage 830, and one or more jet ports 835. The cross-sectional shape of the inJet 
passage 830 is preferably adapted to receive a latch-down dart, or other similar elements, 
for blocking the inlet passage 830. The interior of the shoe 720 preferably includes a body 
ofsolid material 840 for increasing the strength of the shoe 720. The body of solid material 
10 840 may comprise aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Dow^-Jet float shoe, or guide 
shoe wdth a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 720 preferably comprises an 
1 5 aluminum dovwi-jet guide shoe with a sealing sleeve for a latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimize guiding the tubular 
member 715 in the wellbore, optimize the seal between the tubular member 715 
and an existing wellbore casing, and to optimally facillate the removal of the shoe 
20 720 by drilling it out after completion of the extmsion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 
region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
25 seals such as, for example, TP cups or Selective InjecUon Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. The lower 
cup seal 725 may comprise a SIP cup, available from Halliburton Energy Services 
in Dallas, TX in onJer to optimally provide a debris barrier and hold a body of 
lubricant. 

30 The upper cup seal 730 is coupled to and supported by the support member 

760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
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numi«rofco„venyona..on,„,erdal,yavai.ab.ecupseal»uchas,forexamp,eT,> 
cups or Se,ec«ve .n)ecUo„ Packer (S,P) cup n,cdined in accordance wim 'u,e 
.eachmss o, «,e presen, disclosure. TT,e upper cup seai 730 may compHse a S,P 
cup avariable from Haiilburton Energy Services in Daiias, TX in order .o op«mai,y 
5 Provideadebrisbarrierandconlalnabodyoflubricanl 

'^-""'"P^^^ersspemii^nuidicma.erials.obe.ransporled.oandfrom 
*e.n.enorregion of .he ■ubuia,n,embe,7,5beiowheexpandabie mandrel 705 
n,eflu,dpassa,e735isnu.dic^coup,ed.ott,enuidpassage740,Tl,enuidpassa«e 
735 ,s preferaWy coupted .o and posiOoned wi,W„ u.e support member 760, me 

iOsupportmember7«,U.emandre,con,ai„er7iO,and«,eexpandablemandre,705 
2enuK.pas^e735preferablyex,ends,,omap„siaonadjacenUo me surface .0 
U-e bottom Of me expandable mandrei 705. T„e fluid passage 735 is preferably 
posmoned aiong a cemerime of me apparanrs 700. nuid passage 735 I 
P«seiec>ed,oba„spo„ma.e,.a,ssuchasceme„,drtili„gmud^epoxies 
IrC''™'^"**"'"^'^"' ■ >356.2355.i.es/ininu,e 

40,0 3,000gail„ns/minu.e)and34.473,o620.52813bar (500 .o9.000psi) in order 

«esumcien.open.dng pressures ioexmrde me .ubu^memberZiSoff of 
me expandable mandrel 705. 

As described above «4m reference lo Figs. 1-6. during placemenl of me 

-~700wim.a„ewsec„ono,a„e..>ore.„uidicma.L:sforce:;l 

flu.dpassage735canbere,easedi„.omeweilbo,eaboveme.ubutarmen,ber715 
appan.,„s 700 further includes a pressure release passage ma. is coupled ,o 

f^Trr*'"'''''*'°'*™'"'"''«'™=P-«--'--P-sageis 
2»'«-;'-cb-coup,ed.ome fluid passage 735. Bre pressure «,ease p2ge 

passage. T„e conUol vaive may be pressure activa,ed in order .o conbollably 

substanuauy orthogona. .o me ce„,erti„e of me apparanrs 700. n,e p^ure 

^.«sepassageisprefe,ablyse.ec.ed,oc„nveyma,e,iaissuchascemen.,dnning 
mud or epoxres a. flow ,a,es and pressures ranging f^om abou. 0 .o ,892.7059 
KlreMninule CO to 500 gallons/minuie) and 0 .o 68.94757 bar (0 .o 1 000 
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PS.) in orter .o reduce >he drag on 0« apparatus 70O during inserUon In.o a new 

secuonofawellbo«and.cminin,izesuniep,essu..sontt,enewwei:bo,esecaon 
Tl.e nuid passage 740 pe™^,s Wdic materials to be transported to and from .he 

5 Z°" ^="'''-'«''^''^»'^P«coup,ed,o 
5 -'P-«-e->v,U,,„.heshoe720,n«diccon,munlca»onwi^^ 

.b„.„nnember7,5be,owmee,pandab,emandre,705.7.e«..dpassa.e740prefe,ab^ 

^tMOofthenuldpassageT^OtotherebyblockfurtherpassageoffluidlcmateHals In 

^sn,a.^,,,heintedor,egionof.he.ubularn,ember7,5be.ow.hee;^dabIem„^ 
.0™5canbeop^ai,,„^,^,^,,,^^,^,^„^^^,,_^^^_^^^_^^ 

T^pe,™tsthei„tedor,egion„f,he..buiarn,en>ber7,5be,ow,heexpandab,ema„d^^ 

srjlTT'' '^»«P-W positioned 

subslanually along U,e centertine of the apparatus 700. Tl,e fluid passage 740 Is 

preferablyseIec.ed,oconveyma.eHalssuchascen,en,.drtl«ngmudorepox,esa, 

I5nowmtesandp,essu.«,angingfion,abou.0.oI1356.23551i,res/minule(0.o3 000 

g.llo„sM,lnute)and0.o620.52813ba,(0to9,000psi).no,dertoopdn,allynnan 
annular «g,on betvveen the .ubular men,ber 71 5 and 

wtth flu,d,c materials. The fluid passage 740 may Include an Inlet passage 830 
havu« a geometty tha, can receive a dar, and^ora ball sealing member. ,n this 

20 ma„ne,.the fluid passage240can be sealed o.rbyinU«lucingap,ug,da„ and/or 
bail sealing elements Into the fluid passage 230. 

TTieappanttus 700 may furlherincludeoneormoreseals 845 coupled .oand 
supposed by U,e end pomon 820 of .he tubular member 715. -me seals 845 are 

ftr^erpos,t,onedonanou.ersurfaceof.heendpo,«on820ofthe.ubularmember 
25 715. T7,e seals 845 pem.lt the overtapping joint between an end portion of 

preex«Unscasi„gand.heendporton820of.heh,bularmember7I5lobefluidicly 
sealed T„e seals 845 maycompHse any number of conventional commercially 

ava.UbteseaIssuchas,forexample,lead.mbber,TelIon™,orepoxysealsmodifled 
'"-^o'^ancewithUre.eachingsofmep.esemdisc.osure. Tl» seals 845 may 
30 compnse seals molded fmm StrataU^k epoxy available Iron. HaiUburton Energy 
Sennces .n Dallas. TK In order to optimally pmvide a hyd,au»c seal and a load 
bearing 
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interference fil in the overlapping joint between the tubular member 715 and an 
existing casing with opUmal load bearing capacity to support the tubular member 
715. 

The seals 845 may be selected to provide a sufficient fricUonal force to 
5 support the expanded tubular member 715 from the exisUng casing. ThefnctionaJ 
force provided by the seals 845 may range from about 68.94757 to 68,947.57 bar 
(1 ,000 to 1 ,000,000 IbO in order to opUmally support the expanded tubular member 
715. 

The support member 745 is preferably coupled to the expandable mandrel 
10 705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to cany the apparatus 700 
into a new section of a wellbore. The support member 745 may comprise any 
number of convenOonal commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
1 5 accordance with the teachings of the present disclosure. The support member 745 
may comprise conventional driU pipe available from various steel mills in the United 
States. 

A body of lubricant 750 may be provided in the annular region above the 
expandable mandrel container 710 within the interior of the tubular member 715. 

20 In this manner, tiie extrusion of tiie tubular member 715 off of the expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
conventional commercially available lubricants such as, for example, Lubriplate, 
chlorine based lubricants, oil based lubricants, or Climax 1 500 Antisieze (3 1 00). The 
lubricant 750 preferably comprises Climax 1500 Antisieze (3100) available from 

25 Halliburton Energy Services in Houston, TX in order to optimally provide lubrication 
to facillate the extrusion process. 

The overshot connection 755 is coupled to Uie support member 745 and tiie 
support member 760. The overshot connection 755 preferably permits the support 
member 745 to be removably coupled to Uie support member 760. The overshot 

30 connection 755 may comprise any number of conventional conrunercially availadile 
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overshot connecuonssuchasjorexamplejrmerstrins Sealing Adapterjnnerstring 
Flat-Face Sealing Adapter or EZ Drill SetUng Tool Stinger. The overshot connection 
755 may comprise a Innerstring Adapter with an Upper Guide available from 
Halliburton Energy Services in Dallas, TX. 
5 The support member 760 is preferably coupled to the overshot connection 

755 and a surface support structure (not iUustrated). The support member 760 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 700 into a new secUon of a wellbore. The support member 760 may 
comprise any number of convenUonal commercially available support members 
10 such as. for example, steel drill pipe, coiled tubing or other high strength tubulars 
modified in accordance with the teachings of the present disclosure. The support 

member760maycompriseaconventional drill pipeavailablefromsteelmiUs in the 
United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
15 stabilizer 765alsopreferablystabill2esthecomponentsoftheapparatus 700 within 
the tubular member 715. The stabilizer 765 preferably comprises a spherical 

member having an outsidediameterthat is about 80lo99%of the interiordiameter 
of the tubular member 71 5 in order to optimally minimize buckling of the tubular 
member 715. n,e stabilizer 765 may comprise any number of conventional 
20 commerclallyavailable stabilizers suchas. forexample. EZ Drill StarGuides. packer 
shoes or drag blocks modified in accordance with the teachings of the present 

disclosure. •mestabilizer765maycompriseasealingadapterupperguideavailabIe 
from Halliburton Energy Services in Dallas, TX. 

The support members 745 and 760 may be thoroughly cleaned prior to 

25 assembly to the remaining portions of the apparatus 700. In this manner, the 

mtroduction of foreign material into the apparatus 700 is minimized. TTiis 

minimizes thepossibilltyofforeignmaterial clogging the various flowpassagesand 
valves of the apparatus 700. 

Before or after posiUoning the apparatus 700 within a new section of a 
30 wellbore. a couple of wellbore volumes are circulated 
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through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various flow 
passages and valves of the apparatus 700 and to ensure that no foreign material 
interferes with the expansion mandrel 705 during the expansion process. 

5 The apparatus 700 may be operated substantially as described above with 
reference to Figs. 1-7 to fomi a new section of casing within a wellbore. 

As Illustrated in Fig. 8, in an alternative prefen-ed embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 by 
forming a tubular liner 8 1 0 inside of the existing wellbore casing 805. In a preferred 

10 embodiment, an outer annular lining of cement is not provided in the repaired 
section. In the ciltemative preferred embodiment, any number of fluidic materials 
can be used to expand the tubular liner 8 1 0 into intimate contact with the damaged 
section of the wellbore casing such as, for example, cement, epoxy, slag mix, or 
drilling mud. In the alternative prefenred embodiment, sealing members 815 are 

15 preferably provided at both ends of the tubular member in order to optimally 
provide a fluidic seal. In an alternative preferred embodiment, the tubular liner 8 1 0 
is formed v^thin a horizontally positioned pipeline section, such as those used to 
transport hydrocarbons or water, with the tubular liner 8 1 0 placed in an overiapping 
relationship with the adjacent pipeline sectioa In this manner, underground 

20 pipelines can be repeiired without having to dig out and replace the damaged 
sections. 

In another alternative preferred embodiment, the method and apparatus 
described herein is used to directly line a wellbore with a tubular liner 810. In a 
prefen-ed embodiment, an outer einnular lining of cement is not provided between 
25 the tubular liner 810 and the wellbore. In the altemative preferred embodiment, 
any number of fluidic materials can be used to expand the tubular liner 810 into 
intimate contact with the wellbore such as, for example, cement, epoxy, slag mbc, 
or drilling mud. 

Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 



Copied from 10468719 on 05/26/2006 



apparatus 900 for forming a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. In a prefen-ed embodiment, the design and constnjction of the mandrel 906 
and shoe 908 permits easy removal of those elements by drilling them out. In this 
5 manner, the assembly 900 can be easily removed from a v^^ellbore using a 
conventional drilling apparatus and con-espondlng drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 
9 1 0, an intermediate portion 9 1 2 and a lower portion 9 1 4. During operation of the 
apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
10 906 by pressurizing an interior region 966 of the tubular member 902. The tubular 
member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an expandable tubular member 9 1 5 
Is coupled to the upper portion 91 0 of the expandable tubular member 902. During 
operation of the apparatus 900, the tubular member 9 1 5 is preferably extruded off 
15 of the mandrel 906 by pressurizing the interior region 966 of the tubular member 
902. The tubular member 9 1 5 preferably has a substantially annular cross-section. 
In a prefen-ed embodiment, the wrall thickness of the tubular member 9 1 5 is greater 
than the wall thickness of the tubular member 902. 

The tubular member915 maybe fabricated from any number of conventional 
20 commercially available materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. In a preferred embodiment, the tubular member 
915 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular member 902. In a particularly 
preferred emt>odiment, the tubular member 915 has a plastic yield point ranging 
25 from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi) in order to opUmally 
provide approximately the same yield properties as the tubular member 902. The 
hjbular member 915 may comprise a plurality of tubular members coupled end to 
end. 

In a preferred embodiment, the upper end portion of the tubular member 
30 9 1 5 includes one or more sealing members for optimally providing a fhiidic and/or 
gaseous seal with an existing section of wellbore casing. 
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In a preferred embodiment, the combined length of the tubular members 902 and 
915 are limited to minimize the possibility of buclding. For typical tubular member 
materials, the combined length of the tubularmembers 902 and 915 are limited to between 
about 12.192 to 6,096m (40 lo 20,000 feet) in length. 
5 The lower portion 9 1 4 of the tubular member 902 is preferably coupled to the 

shoe 908 by a threaded connection 968. The intermediate portion 9 1 2 of the tubular 
member 902 preferably is placed in inamate sliding contact with the mandrel 906. 

The tubular member 902 maybe fabricated fromany number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 

1 0 steels, titariium or stainless steels. In a preferred embodiment, the hibular member 
902 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular member 915. In a particularly 
preferred embodiment, the tubular member 902 has a plastic yield point ranging 
from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi) in order to optimally 

1 5 provide approximately the same yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 91 0, 9 1 2 and 9 1 4 
of the tubular member 902 may range, for example, from about 0.625 to 3.81 (1/16 to 1.5 
iiKhes). In a preferred embodiment, the wall thickness of the upper, intermediate, and 
lower portions, 910, 912 and 914 of the tubular member 902 range from about 0.3175 to 

20 3.175 cms (1/8 to 1 .25 inches) in order to optimally provide wall thickness that are about 
the same as the tubular member 9 1 5. In a prefen-ed embodiment, the wall thickness of the 
lower portion 914 Is less than or equal to the wall thickness of the upper portion 910 in 
order to optimally provide a geometry that will fit into tight clearances downhole. 

The outer diameter of the upper, intermediate, and lower portions, 9 1 0, 9 1 2 and 9 1 4 

25 of the tubular member 902 may range, for example, from al>out 2.667 to 1 2 1 .92 cms ( 1 .05 
to 48 inches). In a preferred embodiment, the outer diameter of the upper, intemnediate, 
and lower portions, 9 1 0, 91 2 and 9 1 4 of the tubular member 902 range from about 8.89 to 
48.26 cms (3 to 19 inches) in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 



2£. 
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( . The length of the tubular member 902 is tjreferably Kmitetfto between about 
0.6096 to 1 .524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
5 commercially available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U.S. steel mills. 
The tubular member 915 may comprise any ntimber of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. Inapreferredembodiment,thetubularmember915comprises 
Oilfield Coimtry Tubular Goods available from various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined firom one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
— end. The various elements of the tubular member 915 niay be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined fixtm one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore^ The support member 
904 preferably has a substantially annnlpr cross-section. 
30 The support member 904 may be fabricated firom any number of 

conventional commercially available materials such as, for example, oilfield 
tubulars, low aUoy steel, coiled tubiag or stainless steeL In a preferred 
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( .mbodiment, the support member 904^ is fabricated from' toV alloy steel in order 
to optimally provide high yield strength'. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 9 18 is preferably used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to conv^ hardenable fluidic sealing materials to <»i id from the 
apparatus 900. In a particularly preferred embodiment, the fluid passage 918 may 
include one or more pressure reUef passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conv^ance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstringadapter available from Halliburton Energy Services in Dallas, TX order 
to optimally guide the apparatus 900 within the tubular member 915. 
25 The coupling 922 couples the support member 904 to the mandrel 906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined fit>m one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 

as 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any niunber of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any niunber of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburi»n Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate™, chlorine based lubricants, oil based lubricants or Climax ISOO Antiseize 
(3100X In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to faciliate the extrusion process. 

The eapansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928 . In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 928 is 
prevented by the body of cement 932, the housing 940, and the upper cone retainer 944. 

The expansion.cone 928 preferably has a substantially annular cross section. 
The outside diameter of the expansion cone 928 is preferably tapered to provide a 
5 cone shape. The wall thickness of the expansion cone 928 may range, for example, 
from about 0.31 75 to 7.62 cms (0. 1 25 to 3 inches). In a preferred embodiment, the 
wall thickness of the expansion cone 928 ranges from about 0.635 to 1.905 cms 
(0.25 to 0.75 inches) in order to optimally provide adequate compressive strength 
with minima] material. The maximum and minimum outside diameters of the 
10 expansion cone 928 may range, for example, from about 2.54 to 1 19.38 cms (1 to 
47 inches). In a preferred embodiment, the maximum and minimum outside 
diameters of the expansion cone 928 range from about 8.89 to 48.26 cms (3.5 to 1 9 
inches) in order to optimally provide expansion of generally available oilfield 
tubulars 

1 5 The expansion cone928 maybe fabricated from any number of conventional 
commercially available materials such as, for example, cieramic, tool steel, titanium 
or low alloy steel. In a preferred embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 

20 example, from about 50 Rockwell C to 70 Rockwell C. In a prefen-ed embodiment, 
the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 

25 optimally provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a prefened embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone retainer 
930 has a substantially annular cross-section. 

30 The lower cone retainer 930 may be fabricated from any number of 
conventioricd commercially available matericils such as, for example, ceramic, tool 
steel, titanium or low alloy steel. In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high strength 

3© . 
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and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a prefen^ed embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 Is heat treated to opUmally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a prefeired embodiment, the lower cone retainer 930 and the expansion 
1 0 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
15 The body of cement 932 provides an inner bearing structure for the mandrel 906 
The body Of cement 932 further may be easily drilled out using a conventional drill 
device, in this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of convenUonal 
20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
some otherdrillable metaflic. composite, or aggregate material maybe substituted 
for cement The body of cement 932 preferably has a substantially annular cross- 



section. 



The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of the apparatus 900. the lower guide 934 preferably helps guide 

the movementofthemandrel906 within the tubularmember902. The lowerguide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of convenUonal 

commercially available materials such as. for example, oilfield tubulars. low alloy 

30 steel or stainless steel. In a preferred embodiment, the lower guide 934 is 

fabricated from low alloy steel in order to opUmally provide high yield strength. Hie 
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outer surface of the lower guide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sliding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900. the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. The 
extension sleeve 936 preferably has a substantially annular cross-secUon. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as. for example, oilfield 
tubulars. low alloy steel or stainless steel. In a preferred embodiment, the 
1 0 extension sleeve 936 is fabricated from low alloy steel in order to optimally provide 
high yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
fomied as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the seaUng sleeve 942. The spacer 938 

preferably includes the fluid passage952andisadapted to mate with theextension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-secUon. 

The spacer 938 may be fabricated from any number of conventional 
commerciallyavailablematerialssuchas.forexample.steel.aluminumorcastiron. 
In a preferred embodiment, the spacer 938 is fabricated from aluminum in order 

tooptimallyprovidedrillabllity. The end of thespacer938preferably mates with the 
25 end ofti,e extension tube 960. In a preferred embodiment, the spacer 938 and the 
sealing sleeve 942 are fomied as an Integral one-piece element in order to reduce 
the number of components and Increase the strength of the apparahjs. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936 
expansion cone 928. body of cement 932. and lower cone retainer 930. During 
30 operation of the apparatus 900. the housing 940 preferably prevents inner radial 
motion of the expansion cone 928. Preferably, tiie housing 940 has a substantially 
annular cross-section. 



3a. 
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n-e housi™, 940 may be fabricated from any number of conventional 
commercially avaiUble materials such as, for e^cample, oilfleld .ubulars. low alloy 
sleel or stainless steel. In a preferred embodiment, the housing 940 is fabricated 

f'<">"°»'*y3'eelinorder,„op.imallyprovidehishy,eldstreng,h.lnaprefened 
5 embodiment, the lower guide 934, extension sleeve 936 and housing 940 are 
fom,ed as an integral one-piece element in order to minimize .he number of 
components and increase the stienglh of the apparatus. 

in a particularly prefened embodiment, the interior surface of the housing 
940 .ncludes one or more pmtmsions to faciliate me connection between the 
1 0 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During opetation of 
he appa,,,us, .he seali,^ Sleeve 942 preferably provides support for the mandrel 
906. Thesealtng sleeve 942,spre,erablycoupled,o the suppor,member904 using 
.5 .he coupling 922. Preferably, the sealing sleeve 942 has a substanOally annul, 
cross-section. 

The sealing sleeve942maybefabrica.ed from anynumber of convemlonal 

commerciallyavailablema.eria.suchas,forexample,stee.,aluminumo,cas.iron 

in aprefened embodiment, the sealing Sleeve 942 is fabricated from aluminum in 
20 order .0 opumally provide drillabllityof the sealing sleeve 942 

in a particularly prefened embodiment, the outer surface of .he sealing 

sleeve942„cludesoneormo,eprotmsions.ofaciliatemeconnecUonbeKveenU,e 
sealing sleeve 942 and .he body of cemen. 932. 

'"'^^"'^'^P'«f^"«d'n>'«'imen„hespacer938andtheseali„gs.eeve 

TU. upper cone retainer 944 is coupled to the expansion cone 928, a» 
eali„gsleeve942,andthebodyofcemen.932.Duringoperadonof«.eappa,;.us 
30 o^'9rrr°"~''''"'"^'^^'"^"'='^^'™''°"<'f'h'=«P-ion 

30 cone928. ^-'erab^, tt.eupperconereta,ner944hasasubstant,allyannu;icross. 

secUoa 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as. for example steel 
aluminum or cast iron. In a prefen-ed embodiment, the upper cone retainer 944 is 

fabricated from aluminum in order to optimally provide drillabllity of the upper cone 
5 retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-secUonal shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-secUonal shape 

thalissubstantially 1-shapedtoprovideincreased rigidity and minimize theamount 
1 0 of material that would have to be drilled out. 

Thelubricatormandrel946lscoupledtotheretainer924,ihembbercup926 
the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. During 
operation of the apparatus 900. the lubricator mandrel 946 preferably contains the 
body of lubricant in the annular region 972 for lubricating the interface between the 
15 mandrel906andthe.ubularmember902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as. for example steel 
aluminum or cast iron. In a prefemed embodiment, the lubricator mandrel 946 is' 
20 fabncated from aluminum in order to optimally provide drillabllity of the lubricator 
mandrel 946. 

The lubricator sleeve 948 Is coupled to the lubricator mandrel 946 the 
retainer 924. the rubber cup 926, the upper cone retainer944. the lubricator sleeve 
948.and the guide 950. During operation of the apparatus 900. the lubricator sleeve 

25 948 preferably supports the mbber cup 926. Preferably, the lubricator sleeve 948 
has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
convenuonal commercially available materials such as. for example, steel 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 

30 fabricated from aluminum in order to optimally provide drillabllity of the lubricator 
sleeve 948. 
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As illustrated in Fig. 9c. the lubricator sleeve 948 i's supported By the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the mbber cup 926 The 
retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In a preferred 
embodiment, seals 949a and 949b are provided between the lubricator mandrel 
5 946. lubricator sleeve 948. and rubber cup 926 in order to opUmally seal off the 
interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946. the retainer 924 and 
the lubricator sleeve 948. During operation of the apparatus 900. the guide 950 
preferably guides the apparatus on the support member 904. Preferably, the guide 
1 0 950 has a substanUally annular cross-secUon. 

The guide 950 may be fabricated from any number of convenUonal 
commerciallyavailablematerialssuchas,forexample.steel.aluminumorcastiron. 
m a preferred embodiment, the guide 950 is fabricated from aluminum order to 
optimally provide drillability of the guide 950. 
1 5 The fluid passage 952 is coupled to the mandrel 906. During operaUon of the 

apparatus, the fluid passage 952 preferably conveys hardenable fluidic materials. 
Inapreferred embodiment. thefluidpassage952ls positioned about the centeriine 
of the apparatus 900. In a particulariy prefen^ed embodiment, the fluid passage 952 
is adaptedtoconveyhardenable fluidic materialsatpressures and flowrate ranging 
20 from about 0 to 620.52813 bar (0 to 9.000 psi) and 0 to 1 1356.2355 litres/minute (0 
to 3.000 gallons/min) in order to optimally provide pressures and flow rates to 
displace and circulate fluids during Uie installation of the apparatus 900. 

The various elements of tiie mandrel 906 may be coupled using any number 
of conventional process such as. for example, tiueaded connections, welded 
25 connectionsorcementing. in a preferred embodiment, tfie various elements of the 
mandrel 906 are coupled using tfireaded connections and cementing. 

The shoe 908 preferably inchides a housing 954. a body of cement 956. a 
sealing sleeve 958. an extension tube 960. a fluid passage 962. and one or more 
ouUel jets 964. 

30 The housing 954 is coupled to the bodyof cement 956and the lowerportion 

914oftiretubularmember902. During operation oftheapparahis 900. tiie housing 
954preferablycouplestfielowerportionoftfietubularmember902totfieshoe908 
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io facilitate the extrusion and positioning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as. for example, steel or aluminum. In a 
5 prefen^ed embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillability of the housing 954. 

In a particularly prefen-ed embodiment, the interior surface of the housing 
954 includes one or more protmsions to faciliate the connection between the body 
of cement 956 and the housing 954. 
1 0 The body of cement 956 is coupled to the housing 954, and the sealing sleeve 

958. In a prefen-ed embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as, for example, aluminum or imn may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to Uie body of cement 956, the extension 
tube 960. the fluid passage 962. and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenablefluidic material fromthefluidpassage952intothe fluid passage962 and 
thenintotheoutietjets 964 in ordertoinject the hardenablefluidic material intoan 
annular region external to the tubular member 902. In a preferred embodiment, 
during operation of the apparatus 900. the seaUng sleeve 958 further includes an 

25 in'etgeometrythatpemiitsaconventionalplugordart974tobecomelodsedlnthe 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 may be 

blocked thereby fluldiclyisolating the interiorregion966ofthetubularmember902. 

Ina preferred embodiment, the sealing sleeve 958 has a substantially annular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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^ I'abricated from ahiminixm in order to optimaliy pfovide'driilabilily'of Ihe sealing 
sleeve 958. 

- The extension tube 960 is coupled to the sealing sleeve 958, the fluid 

passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jete 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 
10 geometry that permits a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidicly isolating the interior region 966 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally faciliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annularcross-section. The extension tube 960 may be fabricated from any number 
of conventional commerciaUy available materials such as. for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube'960 is' 
20 fabricated from alummum in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960. and one or more ouUet jete 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials In a 
25 preferred embodiment, the fluid passage 962 is positioned about the centerlme of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
18 adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging fiom about 0 to 620.52813 bar (0 to 9.000 psi) and 0 to 11355.2355 (0 to 3.000 
gallons^) in order to optimally pmWde fluids at operationally efficient rates. 

30 Theoutletjete964arecoupledtothesealingsleeve958,theextensiontube ' 

960. and the fluid passage 962. During operation of the apparatus 900. the outlet 
_ jete 964 preferably convey hardenable fluidic material from the fluid passage 962 

3-7 
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^ to the region exterior of the apparatus 900. ina'prefen^ed'embo'dimei the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodinient. the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cen^ent 956 in order to simpliiy the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as. for example, threaded connections, cement or 
machmed from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 

In a preferred embodiment, the assembly 900 is operated substantially as 
described above with reference to Pigs. 1-8 to create a new section of casing in a 
weUbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation 
a dnil string is used in a well known manner tp driU out material from the' 
16 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915 In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic seahng 
20 '^terial is then pumped from a surface location into the fluid passage 918 The 
WenablelluidicsealingmaterialthenpassesfromthefluidpassagegiSintothe 
mterior region 966 of the tubular member 902 below the mandrel 906 The 

hardenable fluidic sealingmaterial then passes from the interior regi^^ 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
apparatus 900 via the outlet jets 964 and fills an annular region between the 
extenorofthe tubular member 902 and theinterior wall ofthe new sectionofthe 
wellbore. Continued pumpingofthe hardenable fluidic sealing material causes the 
material to fiU up at least a pori;ion of the annular region. 

Tke hardenable fluidic sealing material is preferably pumped into the 
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and now rates that are designed for the specific weilbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulaUon might be lost and 
that could cause the weilbore to collapse. The optimum pressures and flow rates 
5 are preferably detemiined using convenUonal empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mbc, cement or epoxy. In a prefen-ed embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specificaUy for the weU section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining opUmal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular region. 
The optimum composition of the blended cements is preferably detennlned using 
15 conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the tubular 
member 902, the annular region of the new section of the weUbore will be filled 
with hardenable material. 

Once the annular region has been adequately filled with hardenable fluidic 
sealing material, a plug or dart 974. or other similar device, preferably is introduced 
into the fluid passage 962 thereby fluidicly isolating the interior region 966 of the 
tubular member 902 from the extemal annular region. In a preferred embodiment, 
a non hardenable fluidic material is then pumped into the interior region 966 
25 causing the interior region 966 to pressurize. In a particularly preferred 
embodimenl. the plug or dart 974. or other similar device, preferably is introduced 
into the fluid passage 962 by introducing the plug or dart 974, or otherslmilar device 
into the non hardenable fluidic material. In this manner, the amount of cured 
material within the interior of the tubular members 902 and 915 is minimized. 
30 Once the interior region 966 becomes sufficienUy pressurized, the tubular 
members 902 and915areextnjdedofrofthemandrel906. The mandrel 906 may 
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extnasion proSess, the mandrel 906 



( be fixed or it may be expandible. During thee 

is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. During this extrusion process, the shoe 908 is preferably 
substantially stationary. 
5 The plug or dart 974 is preferably placed into the iluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example. Multiple Stage Cementer (MSG) latch-dovm plug, Omega latch-down 
10 plug or three-wiper latch down plug modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the plug or dart 974 comprises 
a MSG latch-down plug available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 34.473 to 620.528 13 bar (500 to 
9.000 psi) andlSl .4164 to 1 1356.2355 litres/minute (40 to 3.000 gallons/min) in order to 
optmially extnide the tubular members 902 and 915 off of the mandrel 906. 

For typical tubular memben 902 and 915. the extrusion of the tubular membcn, 902 and 915 off 
of the expandable mandrel wiD begin when ^ pre^ure of the interior region 966 reaches appr^xia«tely 
34.473 to 620.52813 bar (500 to 9.0O0 psi). In a preferred en*odin.n, the exm«ion of the tubular 
m^nbers 902 and 915 off of the mandrel 906 begins when the pressure of 4= interior region 966 reaches 
approximately 82.7352 to 586.041 bar (1.200 to 8.500 psi) with a flow rate of about 151.4164 to 
4731.7648 litres/minute (40 to 1250 gallons/minute). 

During the extrusion process, the mandrel 906 may be raised out of the expanded 
portions of the tubular members 902 and 915 at rates ranging, for example, from about 0 
25 to 1.524 m/s(0 to 5 ft/sec). In a preferred embodiment, during the exfrusion process the 
mandrel 906 is raised out of the expanded portions of the tubular members 902 and 915 
at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to optimally provide 
pulhng speed fast enough to permit efficient operation and permit full expansion of the 
tubular members 902 and 91 5 prior to curing of the hardenable fluidic sealing tnaterial- 
but not so fast that timely adjustment of operating parameters during operation is 
30 prevented. 
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When the upper end portion of the tubulkr member *9 15 is e*xtk.*ded off of the 
mandrel 906. the outer surface of the upper end portion of the tubular member 915 
will preferably contact the interior surface of the lower end portion of the existing 
casing to fomi an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 3.447379 to 
1 ,278.95 1 4 bar (50 to 20.000 psi). In a preferred embodiment, the contact pressure 
of the overlapping joint between the upper end of the tubular member 915 and the 
existing section of wellbore casing ranges from approximately 27.579028 to 
689.4757 bar (400 to 10.000 psi) in order to optimally provide contact pressure to 
1 0 activate the sealing members and provide optimal resistance such that the tubular 

member915and existing wellbore casing will cany typical tensile and compressive 
loads. 

In a prefen-ed embodiment, the operating pressure and flow rate of the non 

hardenable fluidic material will be controllably ramped down when the mandrel 

15 906 reaches the upperendportionofthetubularmember915. In this manner, the 

sudden release of pressure caused by Uie complete extrusion of the tubular 

member 915 off of tfie expandable mandrel 906 can be minimized. In a preferred 

embodiment, the operating pressure is reduced in a substantially linear fashion 

from 100% to about 10% during tiie end of the extmsion process beginning when 

20 lhemandrel906hascompleledapproximatelyallbutaboutthelastl.524m(5feet) 
of the extrusion process. 

In an alternative prefen^d embodiment, the operating pressure and/or flow 
rate of the hardenable fluidic sealing material and/or the non hardenable fluidic 
material are controUed during all phases of the operation of the apparatus 900 to 
25 minimize shock. 

Alternatively, orln combination, a shock absorber is provided in the support 
member 904 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 

30 abovethesupportmember904inordertocatchoratleastdeceleratelhemandrel 
906. 

Once the extrusion process is completed, the mandrel 906 Is removed from 
the wellbore. In a preferred embodiment, eitiier before or after the removal of the 
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mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using convenUonai methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 9 1 5 and the lower portion 
5 of the existing casing is satisfactory, then the uncured portion of any of the 
hardenable fluidic sealing material within the expanded tubular member 9 1 5 is then 
removed in a conventional manner. The hardenable fluidic sealing material within 
the annular region between the expanded tubular member 915 and the existing 
casing and new secUon of weUbore is then allowed to cure. 
1 0 Preferably any remaining cured hardenable fluidic sealing material within the 

interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulUng new section 
of casing preferably includes the expanded tubular members 902 and 91 5 and an 
outer annular layer of cured hardenable fluidic sealing material. The bottom portion 
15 of the apparatus 900 comprising the shoe 908 may then be removed by drilling out 
the shoe 908 using convenUonai drilling methods. 

In an altematlve embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior of the wellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill out 
20 the interior sections of the apparatus 900 in order to facilitate the removaJ of the 
remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

25 In particular, in a preferred embodiment, the composition of the interior 

sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer938, the sealing sleeve 942, the upper cone retainer 944. the 
lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the housing 954, the 
body of cement 956, the sealing sleeve 958. and the extension tube 960, are 

30 selected to permit at least some of these components to be driUed out using 
conventional drilling methods and apparatus. In this manner, in the event of a 
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malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 

Referring now to Figs. 10a. 10b, lOc, lOd, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
5 illustrated in Fig. 1 Oa, a wellbore 1000 positioned in a subterranean formation 1002 
Includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 and 
a cement annulus 1014. In a preferred embodiment, the second casing 1006 is 
10 formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. 1 la-1 If. 

In a particularly prefen-ed embodiment, an upper portion of the tubular liner 
1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
15 1012 includes one or more sealing members 1016 for providing a fiuidic seal 
between the tubular liners 1008 and 1012. 

Referring to Fig. 1 Ob, in order to create a tie-back liner that extends from the 
overiap between the first and second casings, 1 004 and 1006. an apparatus 1 100 is 
preferably provided that includes an expandable mandrel or pig 1 105. a tubular 
20 member 1 1 1 0. a shoe 1 1 1 5, one or more cup seals 1 1 20, a fluid passage 1 1 30, a fluid 
passage 1 135. one or more fiuid passages 1 140, seals 1 145. and a support member 
1150. 

The expandable mandrel or pig 1 105 is coupled to and supported by the 
support member 1 150. The expandable mandrel 1105 is preferably adapted to 

25 controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat. No. 5,348.095. the disclosure 

30 of which is incorporated herein by reference, modified in accordance witii the 
teachings of the present disclosure. 
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The tubular member 1 110 is coupled to and supported by the'expandable mandrel 
1 105. The tubular member 1 105 is expanded in the radial direction and extruded off of the 
expandable mandrel 1 105. The tubular member 1110 may be 

fabricated from any number of materials such as. for example, Oilfield Country Tubular 
5 Goods, 13 chromium tubing or plastic piping. In a preferred embodiment, the tubular 
member 1110 is fabricated from Oilfield Country Tubular Goods. 

The Inner and outer diameters of the tubular member 1110 may range, for example, 
from approximately 1.905 to 119.38 cms (0.75 to 47 inches) and 2.667 to 121.92 cms (1.05 
to 48 inches), respectively. In a prefen^d embodiment, the Inner and outer diameters of 
1 0 the tubular member 1110 range from about 7.62 to 39.37 cms (3 to 1 5.5 inches) and 8.89 
to 40.64 cms (3.5 to 16 inches), respecth/ely in order to optimally provide coverage for 
typical oilfield casing sizes. The tubular member 1 1 10 preferably comprises a solid 
member. 

In a preferred emlxxliment, the upper end portion of the tubular member 1 1 10 is 

1 5 slotted, perforated, or otherwise modified to catch or slow down the mandrel 1 105 when 
it completes the extrusion of tubular member 1110. In aprefeired embodiment, the length 
of the tubular member 1 1 10 is limited to minimize the possibility of buckling. For typical 
tubular member 1110 materials, the length of the tubular member 11 1 0 is preferably limited 
to between about 12.192 to 6,096m (40 to 20,000 feet) in length. 

20 The shoe 1 1 1 5 is coupled to the expandable mandrel 1 1 05 and the tubular member 

1110. The shoe 1115 includes the fluid passage 1 135. The shoe 1115 may comprise any 
number of conventional commercially available shoes such as, for example, Super Seal II 
float shoe. Super Seal II Down-Jet float shoe or a guide shoe with a sealing sleeve for a latch 
down plug modified in accordance with the teachings of the present disclosure. In a 

25 prefen^d embodiment, the shoe 1 1 15 comprises an aluminum down-jet guide shoe with 
a sealing sleeve for a latch-dovtm plug with side ports radiating off of the exit flow port 
available from Halliburton Energy Services in Dallas. TX, modified in accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular member 1 100 
to the overlap between the tubular member 1 100 and the casing 1012, optimally fluldicly 

30 isolate the interior of the tubular member 1 \0Q after the latch down phig has seated, and 
optimally permit drilling out of the shoe 1115 after completion of the expansion and 
cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1 1 40 in fluidic communication with the fluid passage 1 1 35. In this manner, 
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^ vhe shoe 1 1 1 5 injects hardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed off by introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1 150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cups or Selective Iiyection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 
16 containabody of lubricant. 

The flmd passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
ej5)andable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3,000 gaUons/minute) 
25 and 0 to 620.528 1 3 bar (0 to 9,000 psi) in order to optimally provide sufBcient operating 
pressures to circulate fluids at operational efficient rates. 

The fluid passage 1 135 permits fluidic materials to be transmitted from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubtdar member 1110 and shoe 1115. The fluid 
passages 1.140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 

W6 
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^ c^xpandable mandrel 1105. The fluid passa^s 1140 preferably have a cross- 
- sectional shape that permits a plug, or otfier similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1106. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1 140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 62.52813 bar (0 
to 9.000 psi) in order to optimaUy fill the annular region between the tubular member 
1110 and the tubular liner 1008 with fluidic materials. In a preferred embodiment, the 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball scaling 
member. In this manner, the fluid passages 1 140 can be sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 1130. In a prefenred embodiment, 
the apparatus 1 100 includes a plurality of fluid passage 1 140. 

In an alternative embodunent, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other ""lilar device, to permit the interior region of the tubular member 1110 
to be fluidicly isolated from the exterior of the tubular member 1110. 

. The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1146 permit the 
25 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commercial^ 
available seals such as, for example, lea4 rubber. Teflon™ or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1146 comprise seals molded from Stratalock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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Hydraulic seal in the overlapping joint and optimally provide load carrying capacity 
to withstand the range of typical tensile 'and compressive loads. 

In a preferred embodiment, the seals 1 145 are selected to optimally provide 
a sufficient frictional force to support the expanded tubular member 1110 from the 
5 tubular liner 10O8. In a preferred embodiment, the frictional force provided by the 
seals 1 145 ranges from about 68.94757 to 68, 947.57 bar (1,000 to 1 ,000, 000 IbO in tension and 
compression in order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1160 
10 preferably comprises an frnTnilwr member having sufficient strength to carry the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
15 pnnnlnr region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
_ off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any niunber of conventional commercially available lubricants such as, 
for example Lubriplate™, chlorine based lubricants or Climax 1500 Antisieze (3100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1600 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apreferred embodiment, the support member 11 50 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into the apparatus 1100 is minimized. 
This minimizes the possibility of foreign material closing the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the eiqjansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1116 for fluidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any 'number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV Packer 
or a drillable cement retainer. In a prefened embodiment, the packer 1155 
comprises an EZ Drill Packer available from Halliburton Energy Services in Dallas, 
5 TX. In an alternative embodiment, a high gel strength pill may be set below the tie- 
back in place of the packer 1 155. In another alternative embodiment, the packer 
1 155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1 100, a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materials are located v^dthin the u'eUbore 1000 that might 
clog up the various flow passages and valves of the apparatus 1 100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1 160 is then 
1 5 pumped from a surface location into the fluid passage 1 1 30. The material 1 1 60 then 
passes from the fluid passage 1 130 into the interior region of the tubular member 
1110 below the expandable mandrel 1 1 05. The material 1 1 60 then passes from the 
interior region of the tubular member 1110 into the fluid passages 1140. The 
material 1 1 60 then exits the apparatus 1 1 00 and fills the annular region between the 

20 exterior of the tubular member 1 1 1 0 and the interior wall of the tubular liner 1008. 
Continued pumping of the material 1 160 causes the material 1 160 to fill up at least 
a portion of the annular region. 

The material 1 1 60 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5,000 psi) and 

25 0 to 5678.1 177 litres/minute (0 to 1,500 gaUons/mIn), respectively. In a preferred 
embodiment, the material 1 1 60 is pumped into the annular region at pressures and 
flow rates specifically designed for the casing sizes being nin, the annular spaces 
being filled, the pumping equipment available, and the properties of the Huid being 
pumped. The optimum flow rates and pressures are preferably calculated using 

30 conventional empirical methods. 
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The hardenable fluidic sealing material 1 1 60 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as. 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1 160 comprises blended cements specifically 
5 designed for well section being tied-back. available from Halliburton Energy 
Services in Dallas. TX in order to opUmally provide proper support for the tubular 
member 1 1 10 while maintaining opUmum flow characteristics so as to minimize 
operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
10 convenUonal empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110. the 
annular region will be filled with material 1 160. 

As Illustrated in Fig. 1 Od. once the annular region has been adequately filled 
15 withmaterialll60.oneormoreplugsll65.orothersimilardevices,preferablyare 
introduced into the fluid passages 1 140 thereby fluidicly isolating the interior region 
of the tubular member 1 1 10 from the annular region external to the tubular member 
1 1 10. In a preferred embodiment, a non hardenable fluidic material 1 161 is then 
pumped into the interior region of the tubular member 1110 below the mandrel 
20 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1 165. orother similar devices, are introduced 
into the fluid passage 1 140 with the introduction of the non hardenable fluidic 
material. In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1 1 1 0 is minimized. 
25 As illustrated in Fig. lOe. once the interior region becomes sufficiently 

pressurized, the tubular member 1 1 10 is extmded off of the expandable mandrel 
1 105. During the extmsion process, the expandable mandrel 1105 is raised out of 
the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
30 introducing the plugs 1 165 into the fluid passage 1 130 at a surface location in a 
conventional manner. The plugs 11 65 may comprise any number of convenUonal 
commercially available devices from plugging a fluid passage such as. for example. 
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brass balls, plugs, rubber balls, or darts modified in accbrdemce with the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1165 comprise low density rubber balls.. In an 
alternative embodiment, for a shoe 1 105 having a common central inlet passage, the plugs 1 1 65 
5 comprise a single latch dowTi dart 

After placement of the plugs 1 165 in the fluid passages 1 140, the non hardenable 
fluidie matericil 1161 is preferably pumped into the interior region of the tubular member 
1110 below the mandrel 1105 at pressures and flow rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 1 13.562.355 litres/minute (40 to 
1 0 30,000 gallons/min). In a preferred embodiment, after placement of the plugs 1 1 65 in the 
fluid passages 1 1 40, the non hardenable fluidie material 1 1 61 is preferably pumped into the 
interior region of the tubular member 1110 below the mandrel 11 05 at pressures and flow 
rates ranging from approximately 82.737 to 586.0543 bar ( 1 200 to 8500 psi) and 1 5 1 .4 1 64 to 
4731 .7548 litres/minute (40 to 1250 gallons/min) in order to optimally provide extrusion of 
15 typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 1 1 10 off of the 
expandable mandrel 11 05 will begin when the pressure of the interior region of the tubular member 
1110 below the nrumdrel 1 1 05 reaches, for example, approximately 82.737 to 586.0543 bar (1 200 to 
8500 psi). In a prefen-ed embodiment, the extrusion of the tubular member 1 1 10 off of the 

20 expsmdable mandrel 1 105 begins when the pressure of the interior region of the tubular member 
1 1 10 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 bar (1200 to 8500 psi). 

During the extrusion process, the expandable mandrel 1 105 may be raised 
out of the expanded portion of the tubular member 1 110 at rates ranging, for 
example, from about 0 to 1.524 m/s (0 to 5 ft/sec). In a prefenred embodiment, 

25 during the extrusion process, the expandable mandrel 1105 is raised out of the 
expanded portion of the tubular member 1 1 10 at rates ranging from about 0 to 
0.6096 m/s (0 to 2 ft/sec) in order to optimally provide permit adjustment of 
operational parameters, and optimally ensure that the extrusion process will be 
completed before the material 11 60 cures. 

30 In a prefen^d embodiment, at least a portion 11 80 of the tubular member 
1 11 0 has an internal diameter less than the outside diameter of the mandrel 1 1 05. 
In this manner, when the mandrel 1 105 expands the section 1 180 of the tubular 
member 1 1 1 0, at least a portion of the expanded section 1 1 80 effects a seal with at 
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least the wellbore casing 1012. In a particularly preferred embodiment, the seal is 
effected by compressing the seals 1016 between the expanded section 1 180 and 
the wellbore casing 1012. In a prefen-ed embodiment, the contact pressure of the 
joint between the expanded section 1 180 of the tubular member 1110 and the 
5 casing 101 2 ranges from about 34.473785 to 689.6757 bar (500 to 1 0,000 psi) in order 
to optimally provide pressure to activate the sealing members 1 145 and provide 
optimal resistance to ensure that the joint will withstand typical extremes of tensile 
and compressive loads. 

In an altemaUve prefen-ed embodiment, substantially all of the enUre length 
10 of the tubular member 1 1 1 0 has an internal diameter less than the outside diameter 
of the mandrel 1 105. In this manner, extmsion of the tubular member 1 110 by the 
mandrel 1 105 results in contact between substantially all of the expanded tubular 
member 1 1 10 and the existing casing 1 008. In a preferred embodiment, the contact 
pressure of the joint between the expanded tubular member 1 1 10 and the casings 
15 1008 and 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10,000 psi) in 
order to optimally provide pressure to activate the sealing members 1145 and 
provide optimal resistance to ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a prefeaed embodiment, the operating pressure and flow rate of the 
20 material 1 161 is controllably ramped down when the expandable mandrel 1 105 
reaches the upper end portion of the tubular member 1 1 10. In this manner, tiie 
sudden release of pressure caused by tiie complete exlmsion of the tubular 
member 1 1 1 0 off of the expandable mandrel 11 05 can be minimized. In a preferred 
embodiment, the operating pressure of the fluidic material 1 161 is reduced in a 
25 substantially linear fashion from 100% to about 10% during the end of the extrusion 
process beginning when the mandrel 1 105 has completed approximately all but 
about 1. 524m (5 feet) of the extmsion process. 

Altematively, or in combination, a shock absorber is provided in the support 
member 1150 in order to absorti the shock caused by the sudden release of 
30 pressure. 
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AlJemalively. or In combination, a mandrel catching stniclure isprovided in 
the upper end porUon of the tubular member 1 1 10 in order to catch or at least 
decelerate the mandrel 1 105. 

Referring to Fig. lOf, once the extmsion process is completed, the 
5 expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 11 05. 
the integrity of the fluidic seal of the joint between the upper portion of the tubular 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the fluidic seal of the joint between the upper portion of 
10 the tubular member 1110 and the upper portion of the tubular liner 1008 is 
satisfactory, then the uncured portion of the material 1 160 within the expanded 

tubularmemberlllOisthenremovedinaconventionalmanner. The material 1160 
within the annular region between the tubular member 1 1 1 0 and the tubular liner 
1008 is then allowed to cure. 

15 ^*""stratedinFig.l0f.preferablyanyremainingcuredmaterial1160wlthin 
the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting Ue-back liner 
of casing 1170 includes the expanded tubular member 1 1 10 and an outer annular 
layer 1 1 75 of cured material 1 160. 

20 As illustrated in Fig. lOg. the remaining bottom portion of the apparatus 1100 

comprising the shoe 1 1 15 and packer 1 155 is then preferably removed by drilling 
out the shoe 1 1 1 5 and packer 1 1 55 using convenUonal driUing methods. 

Inaparticularlypreferred embodiment, the apparatusllOO Incorporates the 
apparatus 900. 

25 Referring now to Figs. I la-11 f. an embodiment of an apparatus and method 

for hanging a tubular liner off of an existing wellbore casing will now be described. 
As illustrated In Fig. 1 1 a, a wellbore 1 200 is poslUoned In a subterranean formation 
1205. The wellbore 1200 includes an existing cased section 1210 having a tubular 
casing 1 21 5 and an annular outer layer of cement 1 220. 

30 In order to extend the wellbore 1200 into the subterranean formation 1205. 

a driU string 1225 is used in a well known manner to drill out material from the 
subtenanean formation 1205 to form a new section 1230. 
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As illustrated in Fig. 1 lb, an apparatus 1300 for forming a wellbore casing in 
asubtenranean formation is then positioned in the new section 1 230 of the wellbore 
100. The apparatus 1300 preferably includes an expandable mandrel or pig 1305, 
a tubular member 131 0, a shoe 1315, a fluid passage 1320, a fluid passage 1 330, a 
5 fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1 345. The expandable mandrel 1 305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commerciaUy available expandable mandrels modified in 
10 accordance with the teachings of the present disclosure. In a prefen«d 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

1 5 The tubular member 1 3 1 0 is coupled to and supported by the expandable mandrel 

1 305. The tubularmember 1 3 1 0 is preferably expanded in the radial direction and extruded 
offofthe expandable mandrel 1305. The tubular member 13 10 may be fabricated from any 
number of materials such as, for example, Oilfield Country Tubular Goods (OCTG), 13 
chromium steel tubing/casing or plastic casing. In a preferred embodiment, the tubular 

20 member 1310 is fabricated from OCTG. The inner and outer diameters of the tubular 
member 1310 may range, for example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 
inches) and 2.667 to 121.92 cms (1.05 to 48 inches), respectively. In a preferred 
embodiment, the inner and outer diameters of the tubular member 1310 range from about 
7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively 

25 in order to optimally provide minimal telescoping effect In the most commonly 
encountered wellbore sizes. 

In a preferred embodiment, the tubular member 1310 includes an upper portion 
1 355, an Intermediate portion 1 360, and a lower portion 1 365. In a prefen^d embodiment, 
the wall thickness and outer diameter of the upper portion 1355 of ttie tubular member 

30 1310 range from about 0.375 to 3.81 cms (3/8 to 1 inches) and 8.89 to 40.64 cms (3 'A to 
16 inches), respectively. In a preferred embodiment, the wall thickness and outer 
diameter of the intemiediate portion 1 360 of the tubular memljer 1310 range from about 
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1.5825 to 1.905 cms (0.625 to 0.75 inches) and 7.62 to 48.26 cms (3 to 19 inches), 
respectively. In a prefen-ed embodiment, the wall thickness and outer diameter 
of the lower portion 1365 of the tubular member 1310 range from about 0.375 to 
3.81 cms (3/8 to 1.5 inches) and 8.89 to 40.64 (3.5 to 16 inches), respecUvely. 
5 In a particularly preferred embodiment, the wall thickness of the 

intemiediate secUon 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally faciliate the initiation of the extrusion process 
and optimally pemiil the placement of the apparatus in areas of the wellbore having 

10 tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1 355 of the tubular member 1 3 1 0 is 
stotted, perforated, or otherv^dse modified to catch or slow down the meuidrel 1305 
when it completes the extrusion of tubular member 1310. In a preferred 

15 embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typiccil tubular member 1310 materials, the length of the 
tubular member 1310 is preferably limited to between about 40 to 20,000 feet in 
length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
20 preferably includes fluid passages 1 330 and 1 335. The shoe 1315 may comprise any 
number of conventional commercially available shoes such as, for example, Super 
Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a sealing 
sleeve for a latch-down plug modified in accordance with the teadiings of the 
present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
25 aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular member 
1310 into the wellbore 1200, optimally fhildicly isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
30 the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 fuither includes one or more side 
outlet ports in fluidic communication with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material Into the region 
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outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
shoe 1 3 1 5 Includes the Huid passage 1 330 having an inlet geometry that can receive 
a fluidic sealing member. In this manner, the fluid passage 1 330 can be sealed off 
by introducing a plug, dart and/or btdl sealing elements into the fluid passage 1 330. 
5 The fluid passage 1 320 permits fluidic materials to be transported to and from 

the interior region of the tubular member 1310 below the expandable mandrel 1 305. 
The fluid passage 1320 is coupled to and positioned v^thin the support member 
1 345 and the expandable mandrel 1 305. The fluid passage 1 320 preferably extends 
from a position adjacent to the surface to the bottom of the expandable mandrel 
10 1305. The fluid passage 1320 is preferably positioned along a centerline of the 
apparatus 1 300. The fluid passage 1 320 is preferably selected to transport materials 
such as cement, drilling mud, or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 
bar (0 to 9,000 psi) in order to optimally provide sufficient operating pressures to 
15 circulate fluids at operationally efficient rates. 

The fluid passage 1 330 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 
1330 is coupled to and positioned within the shoe 1315 in fluidic communication 
with the interior region 1370 of the tubular member 1310 below the expandable 
20 mandrel 1305. The fluid passage 1330 preferably has a cross-sectional shape that 
permits a plug, or other similar device, to be placed in fluid passage 1 330 to thereby 
block further passage of fluidic materials. In this manner, the interior region 1370 
of the tubular member 1310 below the expandable mandrel 1305 can be fluidicly 
isolated from the region exterior to the tubular member 1310. This pemiits the 
25 interior region 1370 of the tubular member 1310 below the expandable mandrel 
1 305 to be pressurized. The fluid passage 1 330 is preferably positioned substantially 
along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 1 1 356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.528 1 3 bar (0 to 
9,000 psi) in order to optimally fill the annular region between the tubular member 
1310 and the new section 1230 of the wellbore 1200 with fluidic materials. In a 
preferred embodiment, the fluid passage 1330 
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includes an inlet geonnetry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1 320. 

The fluid passage 1335 permits fluidic materials to be transported to and from the 
5 region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centeriine of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging from 

1 0 about 0 to 1 1356.2355 litres/'minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 to 
9,000 psl) in order to optimally fiD the annular region between the tubular member 1310 
and the new section 1230 of the wellbore 1200 with fluidic materials. 

The seals 1 340 are coupled to and supported by the upper end portion 1 355 
of the tubular member 1310. The seals 1340 are further positioned on an outer 

1 5 surface of the upper end portion 1 355 of the tubular member 1 3 1 0. The seals 1 340 
permit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1355 of the tubular member ISlOtobefluidiclysealed. Theseals 
1 340 may comprise any number of conventional commercially available seals such 
as, for example, lead, rubber, Teflon™, or epoxy seals modified in accordance with 

20 the teachings of the present disclosure. In a preferred embodiment, the seals 1340 
comprise seals molded from Stratalock epoxy available from Halliburton Energy 
Services in Dallas, TX in order to optinrudly provide a hydraulic seal in the annulus 
of the overlapping joint w^le also creating optimal load bearing capability to 
withstand typical tensile and compressive loads. 

25 In a preferred embodiment, the seals 1 340 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 1310 from the 
existing casing 1215. In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges from about 68.94757 to 68,947.57 bar (1 ,000 to 1,000,000 Ibf) 
in order to optimally support the expanded tubular member 1310. 

30 The support member 1345 is coupled to the expandable mandrel 1305, tubular 

member 1310, shoe 1315. and seals 1340. The support member 1345 preferably comprises 
an annular member having sufiicient strength to cany the apparatus 1300 into the new 
section 1230 of the wellbore 1200. In a preferred 
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embodiment, the support member 1 345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1 300. In this manner, 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 1 300 and to ensure that no foreign material interferes with 
the expeuision process. 

The wiper plug 1 350 is coupled to the mandrel 1 305 within the interior region 

10 1 370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1 375 that Is coupled to the fluid passage 1 320. The wiper plug 1 350 may comprise 
one or more conventional commercially available v^per plugs such as, for example, 
Multiple Stage Cementer latch-down plugs. Omega latch-down plugs or three-wiper 
latch-down plug modifled in accordance with the teachings of the present 

1 5 disclosure. In a preferred embodiment, the wiper plug 1 350 comprises a Multiple 
Stage Cementer latch-douii plug available from Halliburton Energy Services in 
Dallas, TX modified in a conventional manner for releasable attachment to the 
expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 

20 within the new section 1 230 of the wellbore 1 200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 
apparatus 1 300 emd to ensure that no foreign material interferes with the extrusion 
process. 

25 As illustrated in Fig. 1 Ic, a hardenable fluidic sealing material 1380 is then 

pumped from a surface location into the fluid passage 1320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1330. The material 1380 then exits the apparatus 1300 via the fluid passage 
1335 and fills the amiular region 1390 between the exterior of the tubular member 
1310 and the interior wall of the new section 1 230 of the wellbore 1 200. Continued 
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pumping of the material 1380 cauics tiie material IsSe'td fill up at least a portion 
of the annular region 1390. 

The material 1 380 may be pumped into the annular region 1 390 at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) 
5 and 0 to 5678.1177 litres/minute (0 to 1,500 gallons/min), respecUvely. In a 
preferred embodiment, the material 1380 is pumped into the annular region 1390 
at pressures and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) 
and 0 to 5678.1 177 litres/minute (0 to 1,500 gallonsAnin), respecUvely, in order to 
opUmally fill the annular region between the tubular member 1310 and the new 
10 section 1230ofthewellbore 1200 with the hardenablefluidic sealing material 1380. 
The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commerciaUy available hardenable fluidic sealing materials such as, 
for example, slag mbc. cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
1 5 specifically for the well section being driDed and available from Halliburton Energy 
Services in order to optimaUy provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. The opOmum blend 
of the cement is preferably determined using conventional empirical methods. 

The annular regionl390preferably is filled with the materiall380 insufficient 
20 quantities to ensure that, upon radial expansion of the tubular member 1310, the 
annular region 1390 ofthe new section 1230of thewellbore 1200 will be filled with 
material 1380. 

As illustrated in Fig. 1 Id, once the annular region 1390 has been adequately 
filled with material 1380, a wiper dart 1395, or other simUar device, is Introduced 
25 into the fluid passage 1320. The wiper dart 1395 is preferably pumped through the 
fluid passage 1320 by anon hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1 350. 

As illustrated In Fig. 1 le, in a preferred embodiment, engagement of the 
wiper dart 1395 with the wiper plug 1 350 causes the wiper plug 1350 to decouple 
30 from the mandrel 1305. The wiper dart 1395 and wiper phig 1350 Uien preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and fluidicly isolatifaig the interior' region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. Ihiring the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such as, 
for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Efalliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, fi«m 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1177 litres/minute (0 to 
1500 gaUons/min) in order to optimally extmde the tubular member 1310 off of the 
mandrel 1305. In this manner, the amount of hardenable fluidic material within the 
2g mtenor of the tubular member 1310 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330. the non hardenable 
fluidic material 1381 is preferably pumped into the interior „.gion 1370 at pressures and flow 
rates rangmg from approximately 34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 
II356.2355 litresAninute (40 to 3.000 gallons/min) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to pemiit adjustments to be made 
30 "» operating parameters during the extnision process. 
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For typical tubular memb'^ft 1310, the extrusion of the tubular member 1310 
off of the expandable mandrel 1305 will begin when the pressure of the interior 
region 1370 reaches, for example, approximately 34.473 to 620.52813 bar (500 to 
9,000 psi). In a prefen-ed embodiment, the extrusion of the tubular member 1310 
5 off of the expandable mandrel 1 305 is a function of the tubular member diameter, 
wall thickness of the tubular member, geometry of the mandrel, the type of 
lubricant, the composition of the shoe and tubular member, and the yield istrength 
of the tubular member. The optimum flow rate and operating pressures are 
preferably determined using conventional empirical methods. 
1 0 During the extrusion process, the expandable mandrel 1 305 may be raised out of 

the expanded portion of the tubular member 1 3 10 at rates ranging, for example, from about 
0 to 1 .524 m/s (0 to 5 ft/sec). In a preferred embodiment, during the extrusion process, the 
expandable mandrel 1305 may be raised out of the expanded portion of the tubular 
member 1 3 1 0 at rates ranging from about 0 to 0.6096nv's ( 0 to 2 ft/sec) in order to optimally 
1 5 provide an efficient process, optimally pemiit operator adjustment of operation parameters, 
and ensure optimal completion of the extmsion process before curing of the material 1 380. 

When the upper end portion 1355 of the tubular member 1310 is extruded off of the 
expandable mandrel 1305, the outer surface of the upper end portion 1355 of the tubular 
member 1310 wiD preferably contact the interior surface of the lower end portion of the 
20 casing 121 5 to form an fluid tight overiapping joint The contact pressure of the overiapping 
joint may range, for example, from approximately 3.447379 to 1,278.9514 bar (50 to 20,000 
psi). In a prefened embodiment, the contact pressure of the overiapping joint ranges from 
approximately 27.579028 to 689.4757 bar (400 to 10,000 psi) in order to optimally provide 
contact pressure sufBcient to ensure annular sealing and provide enough resistance to 
25 withstand typical tensile and compressive loads. In a particularly preferred embodiment, 
the seaUng members 1340 will ensure an adequate fluidic and gaseous seal in the 
overiapping joint. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 1381 is controUably ramped down when Uie expandable 

30 mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 
manner, the sudden release of pressure caused by the complete extrusion of the hibular 
member 1310 off of the expandable mandrel 1305 can be minimized. In a preferred 
embodiment, the c^rating pressure is reduced in a substantially linear fashion from 100% 
to about 1 0% during the end of ttie extmsion process beginning when the mandrel 1 305 has 

35 completed approximately all but about 1.524m (5 feet) of the extrusion process. 
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( Alternatively, or In comblftation, a shocl^ absoft>er is provided in the support 

member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
5 the upper end portion 1 355 of the tubular member 1 3 1 0 in order to catch or at least 
decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1 200. In a preferred embodiment, either t>efore or after 
the removed of the expandable mandrel 1305, the integrity of the fluidic seal of the 
1 0 overlapping joint between the upper portion 1 355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1 355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1 380 within the expanded tubular member 1 31 0 is 
15 then removed in a conventional manner. The material 1380 within the einnular 
region 1390 is then allowed to cure. 

As illustrated in Fig. 1 1 f, preferably any remaining cured material 1 380 vkithin 
the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
20 of easily 1400 includes the expanded tubuleur member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removed by drilling out the shoe 1 315 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
25 formation has been described that includes installing a tubular liner and a mandrel 
in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandrel. The 
injecting preferably includes injecting a hardenable fluidic sealing material into an 
annular region located between the borehole and the exterior of the tubuleu- liner, 
30 and a non hardenable fhridic material into an interior region of the tubular liner 
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below the mandrel. The method preferably indludes'fluiaicly isolaUng the annular 
region from the interior region before injecting the second quantity of the non 
hardenable sealing material into the interior region. The injecting the hardenable 
fluidic sealing material is preferably provided at operating pressures and flow rates 

5 ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 567. 1 1 77 litres/minute 
CO to 1.500 gallons/min). The injecting of the non hardenable fluidic material is 
preferably provided at operating pressures and flow rates ranging from about 34.473 
to 620.52813 bar (500 to 9000 psi) and 151.4164 to 1 1356.2355 litres/minute (40 to 
3,000 gallons/min). The injecting of the non hardenable fluidic material is 

10 preferably provided at reduced operating pressures and flow rales during an end 
portion of the extruding. The non hardenable fluidic material is preferably injected 
below the mandrel. The method preferably includes pressurizing a region of the 
tubular liner below the mandrel. The region of the tubular liner below the mandrel 
is preferably pressurized to pressures ranging from about 34.473 to 620.52813 bar 

15 (500 to 9,000 psi). The method preferably includes fluidicly isolating an interior 
region of the tubular liner from <in exterior region of the tubular liner. The method 
further preferably includes curing the hardenable sealing material, and removing 
at least a portion of the cured sealing material located within the tubular liner. The 
method further preferably includes overiapping the tubular liner vAih an existing 

20 wellbore casing. The method further preferably includes sealing the overlap 
between the hjbular liner and the existing wellbore casing. The method further 
preferably includes supporting the extruded tubular liner using the overlap with the 
existing wellbore casing. The method further preferably includes testing the 
int^rity of the seal in the overiap between the tubular liner and the existing 

25 wellbore casing. The method further preferably includes removing at least a portion 
of the hardenable fluidic sealing material within the tubular liner before curing. The 
method further preferably includes lubricating the surface of the mandrel. The 
method further preferaWy includes absort)ii^ shock. The method further preferably 
includes catching the mandrel upon the completion of the extmding. 

30 
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( An apparatus for creating a'ddsirig in a borehole located in a subterranean 

formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably includes one or more sealing members 
adapted to prevent foreign material from entering an interior region of the tubular 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oilfield 
Coimtiy Tubxilar Goods, 13 chromium steel tubing^casing, and plastic casing. The 

15 tubular member prefenbly has mner and outer diameters ranging from about 7.62 to'39.37 cms (3 to 15,5 
inches) aad 8.89 to 40:64 cms (3.5 to 1 6 inches), respectively. The tubular member preferably has a plastic 
yield point ranging from about 275.9028 to 9307.92195 bar (40,000 to 135.000 psi). The tubular 

member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubtUar member, has been described that includes positioning a 
mandrel within an Interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 
30 second tubular member off of the mandrel mto engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
— . tubular member is preferably provided at operating pressures ranging firom about 

e>3 
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( 34.473 to 620.52813 bar (500 to 9.000 psi). 'Eirprebsurizmg of tBe poiti(5n of fhe interior region of the 
second tubular member is preferably provided at reduced operating pressures 
dxmng a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded ilrst tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 
10 formation adjacent to an already existing section of wellbore casing has been 
described that includes an annular member. The pnnnlffr member includes one or 
more sealing members at an end portion of the pnniilpr member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body of a cm'ed fluidic sealing material. The tubular liner is formed by the 
process of extruding the tubular liner ofT of a mandrel. The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressturizing an interior portion of the tubular liner. The 
annu la r body of the cured fluidic sealing material is preferably formed by the 
20 process of iiy ecting a body of hardenable fhiidic sealing material into an Annular 
region external of the tubular liner. During the pressurizing, the interior portion 
of the tubular liner is preferably fluidicly isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 

to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 psQ. ITjc tubular liner preferably 

25 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal positioned in the overltq) between the tubular liner and the existing 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 

30 borehole has been described that includes installing a tubular liner and a mandrel 
within the wellbore casing, iryecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubidar liner, and radially 
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( expanding the liner in the borehole by extruding the liner off of the ma n drel. In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of flmdic material is provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 113562.355 
litres/minute (40 to 3,000 gaUons/min). la a piefeired embodiment, tbe injecting of the body of fluidic 
material is provided at reduced operating pressures and flow rates during an end portion of the extruding. 

10 In a preferred embodiment, the fluidic material is injected below the mandrel. In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressvuized In a preferred embodiment, the region of the tubular liner below the 

mandrel is pressurized to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). In a 

preferred embodiment, the method fiuther includes overlapping the tubular liner 
15 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore cas in g. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular liner 
ofT of a mandrel. The Annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
_ pressurizing an interior portion of the tubular liner. In a preferred embodiment, 

b6 
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during the pressurizing, the inierior portion of the tubular liner is fluidicly isolated 
from an exterior portion of the tubular liner. In a prefen-ed embodiment, the interior 
portion of the tubular liner is pressurized at pressures ranging from about 34.473 to 
620.52813 bar (500 to 9,000 psi). in a prefen-ed embodiment, the annular body of 
5 a cured fluidic sealing material is fomied by the process of injecting a body of 
hardenable fluidic sealing material into an annular region between the existing 
wellbore casing and the tubular liner. In a prefen-ed embodiment, the tubular liner 
overlaps with another existing wellbore casing. In a preferred embodiment, the tie- 
back liner further includes a seal positioned in the overlap between the tubular liner 

1 0 and the other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overiap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an Interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third fluid passage 
operably coupled to the second fluid passage, an interior portion, and an exterior 

20 portion. The interior portion of the shoe is drillable. Preferably, the interior portion 
of the mandrel includes a tubular member and a load bearing member. Preferably, 
the load bearing member comprises a drillable body. Preferably, the interior 
portion of the shoe includes a tubular member, and a load bearing member. 
Preferably, the load bearing member comprises a drillable body. Preferably, the 
exterior portion of the mandrel comprises an expansion cone. Preferably, the 
expansion cone is fabricated from materials selected from the group consisting of 
tool steel, titanium, and ceramic. Preferably, the expansion cone has a surface 
hardness ranging from about 58 to 62 Rockwell C. Preferably at least a portion of 
the appeuatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a v^ide range of modification, changes and substitution is conten^>lated 
in the foregoing disclosure. In some Instances, some features of the present 
invention may be employed without a corresponding use of the other features. 
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Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 
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CLAIMS 



1. A tubular liner, comprising: 

a first tubular portion having a first inside 
5 diameter; 

a second tubular portion having a second inside 
diameter; 

an intermediate tapered tubular portion for 
coupling the- first and second tubular portions to each 
10 other; and 

one or more sealing members coupled to the 
exterior surface of at least one of the tubular 
portions ; 

wherein the first inside diameter is greater than 
15 the second inside diameter and 

wherein at least one of the first and second 
tubular portions define one or more pressure relief 
passages . 

20 2. The liner of claim 1, wherein the tubular liner is 
fabricated from materials selected from the group 
consisting of: 

automotive grade steel, plastic, and chromium 
steel . 

25 

3. The liner of claim 1, wherein the tubular liner 
includes an outer diameter and a wall thickness ranging 
from 8.89 cms to 48.26 (3.5 to 19 inches) and 0.3175 to 
3.175 cms (1/8 to 1.25 inches), respectively. 

30 

4. The liner of claim 1, wherein the length of the 
liner ranges from 12.192 to 6.096 m (40 to 20,000 
feet) . 

35 5. The liner of claim 1, wherein the wall thiclcness 
and outside diameter of the second tubular portion 



Copied from 10468719 on 05/26/2006 



ranges from 0.375 to 3.81 cms (3/8 to 1.5 inches) and 
8.89 to 40.64 cms (3.5 to 16 inches), respectively. 



6. The liner of claim 1, wherein the wall thic)cness 
5 and outside diameter of the tapered tubular portion 

ranges from 0.3175 to 3.175 cms (1/8 to 1.25 inches) 
and 8.89 to 48.26 cms (3.5 to 19 inches), respectively. 

7. The liner of claim 1, wherein the wall thiclcness 
10 and outside diameter of the first tiibular portion 

ranges from 0.3175 to 3.175 cms (1/8 to 1.25 inches) 
and 8.89 to 48.26 cms (3.5 to 19 inches), respectively. 

8. The liner of claim 1, wherein the first tubular 
15 portion has a first wall thickness; 

wherein the second tubular portion has a second 
wall thickness; and wherein the first wall thickness is 
less than the second wall thickness. 

20 9. The liner of claim 1, wherein the second tubular 
portion includes one or more radial passages. 

10. A tubular liner, conprising: 

a first tubular portion having a first inside 
25 diameter; 

a second tubular portion coupled to the first 
tubular portion having a second inside diameter; and 

a third tubular portion coupled to the second 
tubular portion having a third inside diameter; 
30 wherein the first and third inside diameters are 

both greater than the second inside diameter; 

wherein the second tubular portion includes one or 
more external sealing elements; and 

wherein at least one of the first and third 
35 tvibular members define one or more pressure relief 
passages . 



t1 
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11. The liner of claim 10, wherein the first tubular 
portion has a first wall thickness; 

wherein the second tubular portion has a second 
wall thickness; 
5 wherein the third tubular portion has a third wall 

thickness; and 

wherein the first and third wall thicknesses are 
both less than the second wall thickness. 

10 12. The liner of claim 10, wherein the first and third 
tubular portions each include one or more radial 
passages . 

13. The liner of claim 1, wherein an end of the second 
15 tubular portion comprises one or more slots. 

14. The liner of claim 1, wherein an end of the second 
tubular portion comprises one or more perforations. 

20 15. The liner of claim 8, wherein the intermediate 
tapered tubular portion includes an intermediate wall 
thickness; and 

wherein the intermediate wall thickness is less 
than the second wall thickness. 

25 

16. The liner of claim 10, wherein an end of the first 
tubular portion comprises one or more slots. 

17. The liner of claim 10, wherein an end of the first 
3 0 tubular portion comprises one or more perforations. 

18. The liner of claim 10, wherein the first inside 
diameter is greater than both the second and third 
inside diameters. 
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